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THE TEMPERATURE TRANSMITTED BY INCLINED INCANDES- 
CENT RADIATORS. 


By Capramy JOHN ERICSSON. 


From “ Engineering.” 


The notion has long prevailed that the 
surface of an incandescent body projects 
rays of equal energy in all directions. 
Laplace, having full confidence in the cor- 
rectness of this assumption, founded upon 
it the well-known demonstration, prov- 
ing that the radiant energy which ema- 
nates from the receding surface of the 
sun, possesses greater intensity than that 
emanating from the central regions of the 
luminary. But, actual observation hav- 
ing shown that the radiant energy from 
the sun’s border, so far from being more 
intense, is considerably less than from 
the centre, the persistent mathematician 
was driven to the alternative of proving 
that the retardation produced by the sun’s 
atmosphere neutralizes the assumed in- 
crease of intensity of the radiation ema- 
nating from the receding solar surface. 
How completely the ready symbols, man- 
ipulated by the great master, establish 
the truth of his proposition, will be found 
on reference to “ Méchanique Céleste,” 
tome iv., pp. 284-288 ; the result of the 
demonstration being that the solar at- 
mosphere absorbs }4 of the entire ener- 
gy emanating from the radiant surface! 
Evidently Laplace did not regard solar 
radiation as molecular energy capable of 
being converted into dynamic energy, or 
he would have perceived the impossibility 
of 1} being absorbed by the solar atmos- 
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phere. It is not intended to enter on a 
criticism of the famous demonstration, 
but the question is so intimately connect- 
ed with the subject under consideration 
that a brief reference to the main points 
will be necessary to show on what grounds. 
the conclusion was based that, but for 
the retardation produced by the solar at- 
mosphere, the radiant energy of the lumi- 
nary would be increased in the ratio 
stated. Accepting Laplace’s assumption 
that the intensity of the radiation increas- 
es with the obliquity of the rays (owing, 
it is supposed, to the increased number of 
rays contained in agiven section), we must 
admit that the radiant energy from the 
regions near the sun’s border will be 
greatly enhanced. And since it has been 
found by actual observation that no in- 
crease of intensity takes place, the infer- 
ence cannot be resisted that the retarda- 
tion produced by the solar atmosphere 
neutralizes the increased intensity occa- 
sioned by obliquity. It is evident that 
this retardation may be determined by 
calculating the assumed increase of inten- 
sity corresponding with the obliquity of 
the rays ; but this calculation, it is also 
evident, will not show the full extent of 
retardation, since not only is there no in- 
crease, but a considerable diminution of 
intensity towards the sun’s border. Hence, 
the amount of retardation determined 
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agreeable to the theory that the radiant 
intensity is increased by the obliquity of 
the rays, will be still further augmented. 
The reader will readily perceive from this 
brief explanation, on what grounds Lap- 
Jace’s amazing enunciation is chiefly bas- 
ed, that “if the sun were stripped .of its 
atmosphere it would appear 12 times as 
luminous.” 

The foregoing reference to theories 
promulgated nearly a century ago, when 
solar radiation was but imperfectly un- 
derstood, will be deemed irrelevant by 
those who have not made themselves ac- 
quainted with the contents of the recent 
work on the sun, by Pére Secchi (‘ Le 
Soleil,” P. A. Secchi, Paris, 1870). This 
eminent physicist, who has devoted more 
time to the investigation of the subject 
than any one else, now presents calcula- 
tions provirg that the retardation offered 
by the solar atmosphere to the passage of 
the rays, is so great that only a fraction 
of the radiant heat enters space. He 
sums up his investigation by the following 
positive statement : “Ist. At the centre 
of the disc, perpendicularly to the surface 
of the photosphere, the absorption arrests 
about 3, more exactly +%3,, of the total 
energy. 2d. The total action of the ab- 
_ sorbing envelope of the visible hemisphere 

of the sun is so great, that it allows only 
yc’; of the entire radiation to pass, the 
remainder, that is to say ,%8;, being ab- 
sorbed.” Persons accustomed to compare 
mechanical equivalents, especially those 
who possess practical knowledge of the 
amount of mechanical power developed 
by the radiant heat emitted by incandes- 
cent bodies, cannot consistently accept 
_Pére Secchi’s theory. Nor will the as- 
sumption that the radiant heat is absorb- 
ed by molecular motion in the solar at- 
mosphere be accepted by those who take 
the practical view of the matter, that the 
dynamic energy developed by the heat 
rays projected from the photosphere must 
enter space, less only the amount of work 
performed during the passage through 
the solar atmosphere. Investigations 
conducted by means of the solar calori- 
meter (described in “ Engineering,” July 
15, 1870), show that when the earth is in 
aphelion, the dynamic energy of the sun’s 
radiant heat on entering the earth’s at- 
mosphere is 6.35 thermal units per min. 
upon 1 sq. ft. of surface. The dispersion 
of the rays when the earth is in the posi- 





tion referred to, being in the ratio of 1: 
47,567, it will be seen that each sq. ft. of 
the photosphere emits at least 47,567 
6.35=302,050 units of heat per min. Secchi 
says that only } of the heat emitted passes 
through thesun’satmosphere. Accordingly 
7 X 302,050—2,114,350 units per minute 
are absorbed. Now the development of 
one horse power requires 2399° = 42.7 
units of heat per minute ; hence the ener- 
gy supposed to be absorbed represents a 
continuous dynamic force, amounting to 
2144359 — 49,516 horse power for each 
sq. ft. of the surface of the photosphere. 
Considering that the sun’s atmosphere is 
composed of highly attenuated gases, 
containing a very small quantity of mat- 
ter, probably not much more on a given 
area than the terrestial atmosphere, the 
assumption that the stated enormous en- 
ergy is continually being arrested by the 
solar atmosphere, is utterly at variance 
with the principles of mechanics. But as 
it is not our intention on this occasion to 
combat the erroneous, not to say absurd, 
doctrines relating to solar heat, contain- 
ed in the pages of “Le Soleil,” let us at 
once proceed to investigate the subject of 
radiant heat emanating from incandes- 
cent bodies. If we can prove the fallacy 
of the assumption that radiators emit 
heat rays of equal energy in all direc- 
tions, we destroy the principal foundation 
supporting the false theory which has led 
to the conclusion that only } of the ener- 
gy developed by the sun penetrates its 
atmosphere. The subject willbe present- 
ed in two sections: Ist. Radiant heat 
emanating from inclined incandescent 
planes. 2d. Tie radiation of incandes- 
cent spheres, the first section only to be 
discussed in the present article. 

The reader is aware that the experi- 
ments relating to the radiant heat of solid 
bodies, an account of which has previous- 
ly appeared in “Engineering,” were so 
managed that the atmospheric air was 
excluded from the radiator and from the 
thermometer employed. The radiation 
of flames, it has been shown in previous 
articles, cannot be ascertained within a 
vacuum, nor is it easy to confine solid 
incandescent radiators of large size within 
an exhausted vessel, while ascertaining 
their radiant power. Some expedient, 
therefore, must be adopted to prevent the 
disturbing influence of the surrounding 
air on the recording thermometer, when 
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experimenting within a vacuum is not 
practicable. Evidently this can only be 


the bulb in a perfectly quiescent state. 
The following description will show the 


effected by keeping the air surrounding | device which has been resorted to. 
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Fig. 1 represents a vertical section 
of a conical vessel, the bottom of which 
is semispherical, the top being open and 
provided with a wide flange. A broad 
ring, with journal bearings attached on 
opposite sides, is bolted to the flange 
mentioned; a circular disc of cast iron, 
the back of which is semispherical, being 
suspended across the top of the conical 
vessel, supported by journals resting in 





the bearings adverted to. A jacket, 


through which a stream of cold water is 
passed during experiments, surrounds the 
conical vessel, the recording thermometer 
being inserted near its semispherical bot- 
tom. The tube of the thermometer is 
bent, in order that the entire upper half 
of the bulb may be exposed to the radiant 
heat of the circular disz, while the lower 
half is inclosed in a casing composed of 
non-conducting materials. It scarcely 
needs explanation that the air within the 
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semispherical chamber containing the 
thermometer will remain in a quiescent 
state, since the heat is applied from above. 
The cold air at the bottom obviously can- 
not be replaced by heated air from the 
top. At the same time, the trifling 
amount of heat carried downward by con- 
duction, from particle to particle of the 
confined air, will be completely absorbed 
by the surrounding cold vessel. Conse- 
quently, the action of the enclosed ther- 
mometer will be sufficiently undisturbed 
to afford reliable indications. The incli- 
nation of the radiating circular disc is 
regulated by a graduated quadrant and 
an index secured to one of the journals, 
in such a manner that it may be read- 
ily detached and again applied. A 
casing, likewise readily secured and 
detached, is applied to the dise in order to 
cea radiation from the semispherical 
ack towards the thermometer, when the 
inclination is great. During experiments, 
the apparatus is placed near an air fur- 
nace, hose being attached for supplying 
a constant stream of water through the 
jacket. The furnace having been charged 
with combustibles capable of producing a 
steady fire, and heated to the requisite 
degree, the disc is inserted. Having re- 
mained in the furnace until the color of 
the metal approaches bright orange, the 
disc is quickly withdrawn and placed over 
the open conical vessel, supported by the 
journals, as shown by our illustration. 
Agreeable to the theory, the correctness 
of which we are going to disprove, the 
incandescent disc, placed at the inclina- 
tion shown in Fig. 1., will transmit a 
higher temperature to the thermometer 
than if it were placed at a greater angle 
to the vertical line ; the reasons assigned 
for this assumption being that the same 
number of radiating points are presented 
by the dise, and the same number of rays 
of equal energy emitted in either position, 
while in the former they are more concen- 
trated than in the latter. This explana- 
tion involves the proposition that parallel 
rays projected at an acute angle, from a 
given number of radiating points, trans- 
mit greater intensity than an equal num- 
ber of parallel rays projected at a less 
acute angle to the radiant surface. That 
this proposition, although untenable, is 
very plausible, will be seen by reference 
to Fig. 2. Let ab represent the inclined 
adiant surface, and a c 6 the several radi- 





ating points projecting heat rays towards 
the spaces d fandkg. The number of 
radiating points and the number of heat 
rays projected being alike in each case, 
while the space represented by k g is only 
4d of that represented by d/, it must be 
admitted, if we assume all rays to possess 
equal energy, that the concentration of 


heat within & g is three times greater than 
within df. In other words, that a given 
area within & g receives three times more 
heat than an eyual area withind/f. This 
apparently correct view of the question, 
and its application to spheres, led La- 
place astray in his demonstration concern- 
ing solar intensity. In the second part 
of our discourse, which, as already stated, 
will be devoted to incandescent spheres, 
the influence of the spherical form on 
radiant intensity will be fully considered. 
In the meantime, we must admit that the 
demonstration contained in Fig. 2 is un- 
answerable under the stipulated condition 
that all heat rays emitted by a radiator 
possess equal energy. Our task, there- 
fore, will be to show, practically, that the 
stated condition, is based upon untenable 
ground. Having already made ourselves 
acquainted with the apparatus construct- 
ed for this purpose, we may at once pro- 
ceed to consider the results of the exper- 
iments which have been instituted. It 
will be evident that owing to the high 
temperature of the disc, it will cool very 
rapidly after being removed from the fur- 
nace and placed in position over the con- 
ical vessel, and that the thermometer, 
however sensitive, will require so long a 
time before reaching maximum indica- 
tion, that only one inclination can be ex- 
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perimented on at a time, thus rendering | action of the heat during an equal time 
reheating indispensable for each change | for each operation. This method, though 
of inclination. The number of changes of | not precise, has, it will be shown, conclu- 
inclination during the investigation have, | sively established the fact that the tem- 
therefore, been limited to ten, beginning | perature transmitted to the stationary 
with 90 deg., and ending with 10 deg. in- | thermometer by the radiant heat, varies 
clination to the vertical line. It will also be | in the exact ratio of the sines of the angles 
evident that the high temperature renders | formed by the face of the disc, and a line 
it practically impossible to impart exactly | drawn from its centre through the centre 
the same degree of incandescence at each | of the bulb. The result of an experiment 
operation. The best that can be done is made with great care will be found record- 
to maintain the furnace at a uniform tem- | ed by the diagram, Fig. 3, in which the 
perature, and to expose the disc to the | ordinates of the curve, ab, represent the 


sines of the angles formed by the disc and ! the corresponding ordinates of the curve 


the line mentioned, the ordinates of the 
irregular line, c d e, representing the tem- 
perature transmitted to the stationary 
thermometer. The figures inserted below 
the base line, fg, show the number of 
degrees of inclination corresponding with 
the sine represented by each ordinate, 
while the figures above the curve, a b, show 
the discrepancy between the calculated 
and the actual temperature transmitted 
to the stationary therm meter. It will be 
found on inspection that the mean differ- 
ence of the actual and the calculated tem- 
perature above the curve is 1.94 deg., that 
below the same being 1.08 deg.; hence the 
mean discrepancy is only 0.86 deg. Fuhr. 
Considering the difficulty of imparting an 
equal temperature at each operation dur- 
ing the experiments, this discrepancy be- 
tween the calculated and the actual tem- 
perature transmitted by the radiation of 
the incandescent disc is unimportant. We 
are compelled, therefore, to accept the 
conclusion that the temperatures vary ex- 
actly as the sines of the angles of inclina- 
tion of the radiant surface. It has been 
deemed proper, in view of the great im- 
portance of this conclusion, and in order 
to render the subject clearly understood, 
to introduce Fig. 4, showing the several 
angular positions of the incandescent disc 
during the investigation. Dotted lines, it 
will be seen, have also been introduced, 





connecting these angular positions with 


a b, in Fig. 3. A mere glance at the geo- 
metrical representation contained in Figs. 
3 and 4, will show that the temperatures 
indicated by the curve correspond exactly 
with the sines of the angles of inclination 
of the disc. Bearing in mind the facts 
thus established, let us again refer to Fig. 
2, in which the spacekgis } of the space 
df. We are now enabled to demonstrate 
that the temperature within the former 
will be only 4 of the temperature within 
the latter. Laplace and his followers, as- 
suming the reverse to be the case, viz.: 
that the temperature within & g will be 3 
times higher than within d /, their esti- 
mate of the radiant intensity of inclined 
surfaces will obviously be too high in the 
inverse ratio of the sines of angles of in- 
clination. The consequence of this grave 
mistake, with reference to the radiant 
power of incandescent spherical bodies, 
will be discussed in the next article on 
radiant heat. 
New Yors, December 15, 1871. 





Dp Rosert Hunter, of Cleveland, Ohio, 
is reported to have invented a method 
of propelling canal boats that promises 


to be highly successful. An india-rubber 
plate is attached to the stern of the boat 
and is actuated by steam in the manner 
of a fish’s tail. 
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BLAST FURNACE ECONOMY.* 


By THOMAS M. DROWN. 


From the ‘* Bulletin of Am. Iron and Steel Association.” 


We have learned that it is coal that 
does the work in the blast furnace, and 
that the work is twofold; first, reducing; 
second, heating. The whole question of 
economy in blast furnace management 
turns around this point of the amount of 
coal used. 

The history of the iron manufacture 
exemplifies well the importance of this 
matter. In the year 1829, there were 
used in Scotland 8 tons of coal in the form 
of coke to make 1 ton of pig iron; the 
amount at the present day has been re- 
duced to nearly 1 ton of coal to the ton 
of pig iron. 

Let us study the subject systematically, 
so as to learn all the possibilities in the 
case. ‘ 

We have already seen that a short dis- 
tance above the tuyeres only carbonic 
oxide exists, and no carbonic acid, and 
that the heat of the blast furnace, consid- 
ered as a whole, is only that which would 
be produced by burning all the fuel to 
carbonic oxide—an amount which is com- 
paratively small. Again, } of the fuel is 
consumed before the tuyeres to carbonic 
acid, and produces the intense heat neces- 
sary for carburizing the iron and melting 
the iron and slag. Now, it is upon this 
half of the fuel that the working of the 
furnace depends. Suppose, for example, 
that a furnace is working satisfactorily, 
producing a highly carburized iron and a 
well melted normal cinder. If the amount 
of fuel charged be lessened, what will be 
the effect? There will naturally be less 
heat before the tuyeres, the iron will com- 
bine with less carbon, and will be conse- 
quently whiter and more infusible, and 
the slag will be imperfectly melted. 

The question arises, therefore, how can 
we maintain the same temperature before 
the tuyeres with a smaller amount of fuel? 
The means employed are, first, to heat 
the descending charge ; second, to heat 
the ascending blast. 

The charge must necessarily become 
heated in descending as it meets the hot 
ascending gases, but in low furnaces the 





' *Extract from a Lecture delivered before the Franklin In- 
stitute, Jan. 23, 1872. 





heat of the gases is not completely ab- 
stracted and much goes to waste at the 
top of the furnace. To utilize this heat, 
the furnace must be made higher so as 
not to allow the gases to escape until they 
have transferred nearly all their sensible 
heat to the charge. The profitable limit 
of height is therefore attained when the 
gases given off are comparatively cool. 

There is another limit, however, and 
that is the hardness of the materials of 
the charge and their ability to resist 
crushing and packing. The highest fur- 
naces yet constructed are a pair in the 
Cleveland district, in England. These 
are 150 ft. high. They smelt the hard 
Cleveland ironstone with Durham coke, 
which is noted for its hardness. Crumb- 
ling ores like some of the brown hema- 
tites, and soft fuel, would be entirely in- 
admissible under such conditions. 

The economy attained in high furnaces, 
supposing all conditions to be favorable 
to their use, is very considerable, and the 
cause of the economy lies mainly in the 
utilization of the sensible heat of the gas- 
es of the furnace. 

Besides this direct method of heating 
the charge, there is also an indirect meth- 
od, which consists in calcining the ore 
and limestone, or both, before charging. 
One of the effects of the heat of the fur- 
nace on the charge, as we have learned 
already, is the driving off of volatile in- 
gredients, as water from the ore and car- 
bonic acid from the limestone ; if, there- 
fore, this be effected outside of the fur- 
nace, the heat which was before consumed 
in performing this work will be available 
for heating. The saving of fuel conse- 
quent on using calcined ore and limestone 
is considerable, but local circumstances 
must always decide whether it be eco- 
nomically advantageous. Where cheap 
coal cannot be obtained, or where the 
additional expense of handling would be 
great, it may be cheaper to effect the cal- 
cination in the upper part of the furnace. 
The most favorable conditions are pres- 
ent when the calcination can be effected 
in kilns heated by waste blast furnace 

8. 
We might mention a third means of 
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economizing fuel in this division, namely, 
by producing less cinder. The amount of 
cinder formed in any instance is of course 
dependent on the amount of earthy im- 
purities in the ore. The more silica we 
have in an ore, the more lime is required 
to flux it, and the more fuel is required to 
melt the resulting cinder. The general- 
ity of iron ores are silicious, but there 
occur not unfrequently argillaceous and 
calcareous ores, which, when mixed with 
silicious ores, may give a self-fluxing 
charge. A cinder is of course formed, 
but owing to the charge being enriched 
by the judicious mixing of ores it is small- 
er in amount, and consequently less fuel 
is required to melt it. 

The saving effected by the additional 
heating of the charge is, however, insig- 
nificant in comparison with that attained 
by heating the blast. This discovery was 


made by James Beaumont Neilson, of 
Glasgow, in 1828. The first apparatus 
for heating the blast was put up at the 
Clyde Iron Works, in 1830, and in 1835 
hot blast was in use in all the iron works 
in Scotland. The following account of 
these early experiments will show the re- 


markable saving effected. In the first 6 
months of 1829, when cold blast was em- 
ployed, there were used 8 tons 1} ewt. of 
coal, in form of coke, to produce 1 ton of 
iron. When using 8 cwt. of coal to heat 
the blast to 300 deg. F., there were used 
5 tons 3} ewt. coal per ton of pig iron, a 
saving of 2 tons 18 ewt. To put the 
same in other words: 8 ewt. of coal 
burned outside of the furnace and the 
heat forced into the furnace in the form 
of hot air was equal to 2 tons 18 ewt. 
used in the furnace itself. This result 
was 8o extraordinary that it baffled expla- 
nation, and it is only very recently that 
this phenomenon has been satisfactorily 
explained. J. Lowthian Bell, an English 
iron master, whose researches into the 
theory of the blast furnace process have 
been the most painstaking and reliable 
that we possess, shows conclusively that 
the cause lies in the factthat the coal con- 
sumed in heating the blast outside of the 
furnace is converted into carbonic acid, 
that is, we obtain the total amount of 
heat possible from its combustion, while 
in the furnace itself the coal is only burnt 
to carbonic oxide and gives less than } of 
the heat it is capable of producing. ‘I'he 
figures representing the consumption of 





coal per ton of pigiron at the present day 
differ widely from those given above for 
the years 1829-30. Still the saving in 
using hot blast is no less marked now 
than then. The temperature of blast now 
generally employed is from 750 to 1,000 
deg. F., and the saving is about 10-11 
ewt. of coke per ton of pig iron. 

As has been before incidentally men- 
tioned the waste gases of the blast fur- 
nace are collected and burned to heat the 
blast, consequently no extra expenditure 
of coal is necessary. Ordinarily the 
amount of gas obtained is more than suf- 
ficient for this purpose, a surplus being 
available for heating boilers for raising 
steam. It has been mentioned that it is 
a very general practice to draw off the 
gas in part by channels in the upper part 
of the walls of the furnace, while another 
part escapes from the middle of the fur- 
nace mouth and is wasted. Again, many 
furnaces are constructed with tops which 
remain completely closed except in the 
intervals of charging. A complete utili- 
zation of the coal is thus obtained, and no 
furnace can be said to work with a proper 
regard to economy, which allows a valu- 
able gaseous fuel to escape into the air. 
It is replied by the advocates of open- 
mouth furnaces that the escaping gas is 
over and above what is needed for heating 
the blast and boiler. It should then be 
made to do other work or should not be 
produced at all. In England, where the 
old adage of “pence making pounds” is 
better understood than it is with us, the 
propriety of saving the small amount of 
gas which escapes at the moment of 
charging has been discussed—rather a re- 
finement of economy, but eminently sug- 
gestive. 

These, then, are the points to be borne 
in mind with reference to a saving of fu>l: 
First, the production of as small amo int 
of combustible gas as possible ; secoad, 
the complete and profitable utilization of 
what is produced. A furnace producing 
but a small amount of carbonic oxide or 
of combustible gas, indicates, other things 
being equal, economical working, and, on 
the other hand, an excess of carbonic 
oxide indicates waste. A theoretically 
perfect blast furnace would be one in 
which all the coal passed out as carbonic 
acid, but such a condition of affairs will 
probably never be attained in practice. 

There is still another very intere>ting 





232 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





point in this connection having both a 
scientific and an economic side, which has 
received but little attention. I have said 
that 4 of the fuel may be regarded as 
heating or melting fuel while the whole is 
available for reduction. Suppose now 
that the ore should reach the vicinity of 
the tuyeres only partially reduced, that is, 
still containing some oxygen, what would 
be the consequence? This residual oxy- 
gen will be taken up by the coal in front 
of the tuyeres; in other words, the coal 
which should be used exclusively for heat- 
ing and melting has to do the work of re- 
duction. One and the same amount of 
fuel cannot do both, and if, therefore, the 
duty of reduction be superadded to that 
of heating, more coal must necessarily be 
employed. 

It is not easy to ascertain in any parti- 
cular instance whether imperfectly reduc- 
ed ore reaches this low point in the fur- 
nace, as we have no means of inspecting 
the contents of the furnace near the 
tuyeres, still many facts point toward the 
possibility of its occurrence under certain 
circumstances. Let us study what are 
the conditions which tend to counteract 
such a state of affairs. They may be 
enumerated as follows: Ist. The greater 
porosity of the ore; 2d. The smaller the 
fraginents of ore; and 3d. The greater 
length of time the ore is exposed to the 
aetion of the reducing gases. 

Ist. The greater porosity of the ore. 
We can readily understand that a large 
hard compact mass of ore would be much 
more slowly reduced than a porous mas:, 
into the interstices of which the gas could 
find ready access. Some ores are natur- 
a'ly porous, as some of the brown hema- 
tites; others, like the magnetites, are ex- 
tremely compact. The means employed 
to increase the porosity of ores is roasting. 
This acts on hydrous or carbonated ores 
mainly by driving off water and carbonic 
acid, leaving them more or less cellular. 
The action of roasting on hematites and 
magnetites is simply to produce cracks 
and crevices into which the gas can pene- 
trate. 

2d. The size of the ore masses. It is 
reasonable to suppose that the larger the 
masses of ure the longer time will be re- 
quired for complete reduction. No size 


can be given as best adapted to all ores 
or all farnaces, but it is a matter of great 
importance that all the pieces should be 





as nearly as possible of one size in the 
same furnace. There is a limit to the de- 
gree of comminution of ores or other 
materials of the charge. If they are too 
small, approximating to sand, for instance, 
the superincumbent pressure will cause 
them to pack so that the gases cannot get 
through at all, or the gases may form 
channels and ascend unequally, reducing 
some portions more completely than 
others. Many of the brown hematites 
come in this fine condition and frequently 
produce irregular working of the furnace. 
It would be well in such cases if such fine 
ores could be made into coherent lumps, 
though it is doubtful if this could be ef- 
fe. ted profitably. 

3d. The length of time the ores are ex- 
posed to the action of the reducing gases, 
is avery important element in this blast 
furnace economy. It takes both time and 
heat to effect the reduction of ore by car- 
bonie oxide. The temperature at which 
reduction begins is variously stated by 
different investigators, probably on ac- 
count of the difference of ores experi- 
mented upon. Bell gives 424 deg. Fahr. 
as the temperature at which the reduction 
of the Cleveland ironstone begins. Scheer- 
er gives 750 deg. Fahr., Tunner as high 
as 1,250 deg. Fahr. as the point of inci- 
pient reduction. There can be but little 
doubt that the numbers last given are too 
high. Bell states that reduction proceeds 
most rapidly at 723 deg. Fahr. Whatever 
the most favorable temperature may be, 
a certain time is necessary for complete 
reduction. As to the length of time, we 
can only state that the harder the ores 
and larger the fragments, the more time 
will be required. The rate of descent of 
the charge depends on the rate at which 
the furnace is driven, that is, on the 
amount of fuel consumed in a given time, 
and hence on the amount and pressure of 
blast. The greater the production of a 
furnace in a given time, other things being 
equal, the more economically it works. 
We cannot, therefore, think of increasing 
the contact of the ore with the gas at the 
expense of decreased production. In- 
creasing the height of the furnace can 
only be effective in this regard as long as 
the gas at the mouth has a temperature 
equal or above that which is requisite for 
the reduction of the ore. There is but 
one other conceivable mode of making 
the reducing gas act more thoroughly on 
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the ore, and that is to decrease the veloci- 
ty of its ascent by widening the furnace, 
and make the walls expand outwards and 
upwards. ‘This is the case with all fur- 
naces at the lower part where they expand 
into the boshes, but in almost all instances 
the walls incline inward again towards 
the top. The Rachette furnace is con- 
structed on the principle mentioned, 
namely, with walls expanding from bottom 
to top. This furnace has not proved very 
successful in iron smelting, but its failure 
—if failure it can be called—cannot fairly 
be attributed to its expanding walls, but 
rather to its rectangular section. Lead 
furnaces built on the Rachette principle 
proved to be in many respects superior to 
the furnace form previously in use; but 
when the rectangular section was aban- 
doned, and a combination made of circu- 
lar section with expanding walls, the im- 
provement in working and yield was very 
great, and it seems not at all improbable 
that the same construction would work 
equally well in the caseofiron. That the 
descent of the charge would be much 
more uniform in a furnace of this con- 
struction, I think there can be no doubt. 

Truran, formerly engineer of the Dow- 
lais Works, was the first to advocate wide 
mouth furnaces to diminish the velocity 
ef the ascending gases. More recently, 
Troska, in an able discussion of this sub- 
ject, has arrived at the same conclusion as 





Truran, and recommends furnaces with 
vertical walls from the boshes upward, 
The same argument which supports his 
conclusions may, however, be fairly ex- 
tended to furnaces with gradually ex- 
panding walls. Of course, the best angle 
of construction is a matter which must be 
determined by experiment, and will differ 
with different ores. It is interesting to 
note, in this connection, the fact, long 
known, that in charcoal furnaces the con- 
sumption of fuel per ton of pig iron pro- 
duced decreased as the angle of the boshes 
was lessened, which doubtless resulted 
from the diminished rapidity of the gases 
in this part of the furnace. 

To briefly recapitulate, economy in blast 
furnace management may be attained in 
the following directions : 

1. Heating the charge. 

a. Direct, by increasing the height 
of the furnace. 

b. Indirect, by calcining ore and 
limestone. 

2. Enriching the charge. 

3. Heating the blast. 

4. Complete and profitable utilization 
of the waste gases. 

5. Rendering the ores porous by roast- 
ing. 

a Breaking ores to uniform and suit- 
able size. 

7. Retarding the ascent of the reducing 
gases. 





PROBLEM OF THE RAFTERS. 


By DE VOLSON WOOD, 


From “ Journal of Franklin Institute.” 


The sloping timbers at the ends of a 
roof truss are called rafters, whether the 
truss is a “ king post,” a “ queen post,” or 
other form. When the load is applied at 
the joints of the truss, the solution seems 
to present little or no difficulty :—at least 
authors do not differ in their results. But 
when the load is uniformly distributed 
over the rafter, or is applied at points 
along the rafter, authors differ in their 
results, as may be seen by examining 
Trautwine’s “Engineer’s Pocket Book,” pp. 
247-252. Mr. Trautwine gives his own 
solution, and refers to Rankine’s “Civil 
Engineering,” p. 470, for the solution 
which is commonly given. I find, ac- 
cording to the solution given below, that 





the horizontal pressure at the upper end 
is the same as that given by Prot. Ran- 
kine, but the longitudinal compression 
along the rafter is not correctly given by 
any author, so far as I am acquainted 
with them. 

In order to simplify the problem as 
much as possible, we will at first consider 
a single rafter supporting a single weight, 
P, which is applied at any point. The 
lower end of the rafter, B, is held in the 
usual way by resting upon a support 
which sustains the vertical pressure, and 
by a tie rod which resists the horizontal 
push. The upper end is held by a hori- 
zontal force, which in any case is suffi- 
cient to hold the system in equilibrium. 
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In Fig. 1 let 
A B = the length of the rafter. 
D=A FE = the rise 
l= E B = the run of the refter, or its hori- 
zontal projection. 
nl=BF= the horizontal distance of the 
point of xpplication of the weight 


from Bb. 
@=theangle BCF=BAE. 
P =the weight which is applied at C. 
P, = the reaction of the support B. 
H = the horizontal pressure at A. 
H, = the horizontal pressure at B. 


Tt is a principle of statics that the 
algebraic sum of the vertical components 
of all the forces in a system in equilibri- 
um is zero,—and the same is true of all 
the horizontal components. Or, in this 
case, the sum of all the forces acting 
downward, equals the sum of all those 
acting upward; and the sum of the hori- 
zontal forces pressing to the right equal 
those pressing towards the left. Hence 

P=P,, and 
H = H,. 
Taking the moments about B, we have 
HD=Pnl 
(1.) 


l 
: H=nP-, =n P tang 6. 


Taking the moments about A, we have 

P, /=H, D+ (1 —n) P/, or making P= P,, 
we have 

P 1=H,D+ (1-7) Ph 


os iy =nP> =n P tang 6 as before; 


Or, assuming that H,—= H and we have 
P,l/=>HD-+ (1—n) Ph, 
in which substitute the value of H from 
(1) and we have 
P,l!=nPl+(1-) Pl 
.'. P, = P as before. 

Next find the compression along the 
rafter. 

Instead of the single horizontal force at 
A, we may substitute two other forces 
such that the resultant of the two shall 
equal H. The two forces will evidently 
produce the same result as H. As we 





seck the longitudinal effect, let one of the 
components be taken in that direction 
and call it L'. The other component, 
to produce no longitudinal effect, must be 
perpendicular to the rafter. Call it N*. 
These forces are shown in Fig. 2. 


Hence we immediately have 
sin? 9 


L! = H sind =n Ptang @ sing = n P —— (2.) 
cos 6 


N' =H cos @ =n P tang @ cos 6 =n P sin @ ((3.) 
The latter component N' produces only 
bending, and is resisted by a component 
of the applied weight, P. The former 
component produces compression only, 
and is the only compressive force between 
Aand C. At C this force is increased 
by a component of the weight. 
Let N = the normal component of P, and 
L = the longitudinal component of P. 
Then N=Psin@,end . ‘ (4.) 
L = P cos 6 ‘ (5.) 
Between C and B the total longitudinal 
compression is 
sin? 9 
L'+L=nP sane 


cep Lnsin® 0+ costo | 7 (6) 
As a check upon the work we may find 
the reactions of the forces at B. 
For H we have the two components 
L' = H sin @. 
N! =H cos @. 
And for P we have 
L=P cos @. 
N = Psin @. 
Hence, the resultant longitudinal pres- 
sure is 
L+L' =Pcos@+ Hsin#@ = 
P : 
— [» sin* @ + cos* 6 | as before. 
cos 6 


+P cos ¢@= 


The resultant normal pressure is 
N-N'=P sin 6 — Hcos@ =P sing —n Psin@= 
(l-n) Psing . - (7%) 
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(6) we have 

sin 6, 

which is the same as (4), as it should be, 
since the normal pressures at the ends 
should be equal and opposite to the 
normal component of the applied weight. 


Adding (3) and 
P 


DISCUSSION, 


1. If the rafter is vertical, @ = 0, and | 


the compression on the upper part, be- 
tween A and (, is, from (2), 
L! = 0, 

and the compression on the lower part, 
between C and B, from (6), is 

L = P 
and the horizontal thrust is, from (1), 
equal to zero. 

2. If the rafter has any inclination 
and P is placed at A, n is equal to 1 in all 
the equations, and (1) gives 

H = P tang 6, 
which is the value given for this case by 
all writers. Equation (2) gives 
L' = tang @sin @, 
but, as in this case, C falls upon A, and 
hence A C= 0, this merely gives the 


component of H in that direction, and | 


does not give the compression upon any 
finite length of the rafter. Equation (6) 
gives 

L+L! a = P sec @, 


which is also the value given by all writers | 


for the compression upon a brace where the 
total load is placed at the upper end of the 
brace. 

3. If P is placed at the lower end of 
the beam, n = 0, and equations (1), (2) 
and (6) give 

H=0 
L' =0, 
L+L' =P cos @; 
the last of which is the longitudinal com- 
ponent of P; but as in this case C falls on 
B, the resultant compression does not ap- 
. ply to any finite portion of the rafter. 

4. Let the rafter be horizontal, then 
6 = 90°, and equations (1), (2) and (6) 
become 

H=e 
L'=ea 
L+L' =0+4 «. 

5, If P be applied at the middle, n= }, 

and we have 
H =}P tang 6 
L' = fp tang @sin 6 


L+L' = r [3 sin’ @ -+- cos® e| 


By supposing that P is applied at dif- 


ferent points, and taking the sum of the 
results, we may find the effect of several 
weights »pnlied simnitaneonsly. 





| Now sbuppuse Lub Lue Yaiter 18 uni- 
| formly loaded over its whole length, and 
| let n =the load on a foot of length of the 
| rafter, and W = the total load. 

| (Those who compare this solution with 
| Rankine’s—“ Civil Engineering,” p. 470 
| will observe that he calls W the load 
on two rafters, and hence } W is the load 
'on one rafter.) Taking the moments 
about B and observing that the lever arm 
of W is } /, and we have 
HD=W}l.:.H=}W * = } W tang @. (8.) 


If x be any distance from A measured 
along the yafter, w x will be the load on 
that length, and the longitudinal com- 
ponent of it will be, according to equa- 
tion (5), 


| 
| 


L = W2 cos 8, 
and the longitudinal component of H is 
L'= H sin @. 
Hence the total compression at any sec- 
tion whose distance is x from A, is 
L+L' =wecosé+ Hsin 0 =w x cos @ + 
3 W tang @sin 6. ‘ - (10) 
DISCUSSION. 
1. At the lower end x=—AB, andw-z 
becomes w A B = W, and hence the com- 
pression at the lower end is 


WwW 
y ® - *, 2 gin? 
Wcos 6-+-4 W tang @sin = cox 2008 6 +- sin | 


Ww 
= cord [1+ cos? ¢ | (11.) 
2. At the upper end x = 0, and 10 be- 
comes 
— sin? @==} Weec @sin*é. 
od 5 (12.) 
8, If the- rafter is vertical, @ = 0, and 
(10) becomes 
L 


Ww 
3 Wtang 9 sin 6=5 os 


COs 


+L’ =wg, 





which at the upper end is zero for = 0, 
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as it should, and at the lower end it be- 
comes J 
wrAB=W, 

as it should, since the total load rests upon 
it. 

4, At the middle z = }/, and (10) be- 
comes 

L +- L' = 3 W [cos 6 + tang @ sin 6] = 


Teoad =} W sec 6. . (13.) 


5. If the rafter is horizontal 6 = 90°, 
and (10) becomes 
L+L'=0+ a, 


from which it appears that the compres- 
sion due directly to the loading is zero ; 
and that due to the resultant horizontal 
thrust is «, as it should be in order to 
support the weight. 

Having deduced, as we believe, the cor- 
rect formule for this case, it will be easy 
to test the correctness of the formule 
which are deduced by others. 

Prof. Rankine, in the reference made 
above, leaves us to infer that the longitu- 
dinal compression will beuniform through- 
out, and finds its value by assuming that 
one half the load is supported at each end 
of the rafter. In this way we readily find 
that the strain would be 

4 W sec 

which compared with (12), (13) and (11) 
shows that it is too great at the upper 
end, correct at the middle, and too small 
at the lower end. If the rafter is vertical 
the above expression gives 4 W for the 
compression, whereas it should be zero, 
and at the lower end it is only half 
enough. The horizontal thrust at the 
upper end, by this method is 4 W tang 8, 
which is the same equation (8). 

Trautwine considers that the total pres- 
sure at the foot of the rafter is a vertical 
force producing compression. This re- 
solved horizontally and obliquely gives 

H = W tang 6 

L+L'!=Weec 0 
both of which are double the value given 
by Prof. Rankine, and the former is double 
the correct value. 

This method at first appears so plaus- 
ible, that it may be advisable to show its 
fallacy by an illustration. 

If P is very near the lower end of the 
rafter, as in Fig. 4, it is evident that H 
will be small, while the reaction is still 
equal to P; and if the weight P is exactly 


over the support it will develop no hori- | 





zontal thrust, but in all these cases, ac- 
cording to Trautwine’s formula, the hori- 
zontal thrust is the same. The longi- 
tudinal compression due to P directly is 


“| 


constant for all positions of P for the same 
inclination of the rafter, and is P cos 6; 
but the compression due to H is depen- 
dent upon the position of P, being small 
when Pis near B. Observe that P may 
be constant and H may have all possible 
values depending upon the position of P. 

If P is considerably above H, as in Fig. 
5, the lower end still sustains P and the 
horizontal thrust greatly exceeds that in 
Fig.4. The compression in this case due 
to P is the same as in the preceding case, 
while that due to H greatly exceeds that 
in the preceding case. 


It is worthy of note that the strains in 
this rafter are indeper dent of the inclina- 
tion of the rafter, brace, or beam, which 
holds its upper end in any practised case, 
provided that the two rest against each 
other. 

But these illustrations only show the 
general fact by passing so near the 
limits of the problem as to make the 
result appear absurd, but I think they 
will make the following solution more 
easily understood. The seat of Mr. 
Tr: utwine’s error consists in assuming 
that the resultant of the two forces at the foot 
of the rafter is in the direction of the rafter. 
This hypothesis is true only when the 
weight rests upon the upper end of the 
rafter. The true direction of the result- 
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ant may be found geometrically as fol- 
lows: 

Let P, Fig. 6, be applied at any point, 
then since H and P are in equilibrium 
about B, the resultant of P and H must 
pass through that point. It must also 
pass through the point a, where their line 
of directions meet. Hence c B is the di- 
rection of the resultant. If this resultant 





be resolved paraliei to and perpendicular 
to the direction of the rafter, the former 
will give the compression between C and 
B, due to H and P. We have from equa- 
tion (1) H=n P tang 4, hence the result- 
ant, 


R= y H? + Pt = Py/n* tang? 6+ 1 = 








3 
tp V sin® 6 + cos? 6. 


To resolve this multiply it by the cos of 
bBe. Erect deand bc perpendicular to 
Bc, and bf perpendi.uler tode. Call B 
d = 1, then from, 

db =n tang @ 
dBe=6=fdb, 


--bBa ¥ n* tavg* 6+ 1 

Be = cos 6, and 

fb=ec=n tang 6 sin 0. 

.°. Bo =n tang Osin 6 + cos 6. and 
n tang @sin 0+ cos 6 
cos b Be = 4/ 7. ng? ofl 
nsin® @ + cos? 0 

o n® vin? 6 + cos? 6 

The last expression is found by multi- 
plying the terms of the preceding fraction 
by cos 6. 

The total compressive force is found 
by multiplying the value of R given above, 
by the cos of 6 Be as just found. This 
gives 








’ P ne ee ee 

Compression = ry oy n® sin® + cos X 
2.9 2 

om 6y or © —s nsin® 6 + cos o| 


Yn? sin? 0 + cos?¢ ~~ COs fi 


which is the same as equation (6). 

If the rafter is uniformly loaded the 
| resultant of the load would pass through 
| the centre of the rafter. Calling the load 
W and proceeding in the same way as 
above, we find for the resullant compression 


at B 
W : 
cog Li tint Gcost oe] 


a 5 [sin 6+ 2 cos o] 
which is the same as equation (11.) 

The compression at any point may be 
formed in the same way by considering 
the resultant of the weight between A and 
the point. 














ON THE CYLINDERS FOR THE ALBERT BRIDGE.* 


After some introductory remarks, Mr. 
Kingsford described the general modus 
operandi of ordinary loam-casting in a 
foundry, that being the method by which 
the cylinders for the Albert Bridge are 
being produced. As this will be familiar 
to most of our civil engineering readers, 
and as our space is limited, we pass on 
to give the substance of the immediate 
subject of the paper. In the arrangement 
of the piers, as originally designed by the 
engineer, Mr. Ordish, it was intended to 
build up the external casings with cast- 
iron flanged plates, bolted together in 








* From a paper read before the Civil and Mechanical En- 
gineers’ Society, by Mr. C. Kixcsurorp. 


cylinders, the piers when complete to be 
filled up with concrete. The lower por- 
tion of each pier was to be 21 ft. in diam- 
eter for the first 9 ft. in height, and from 
thence the piers were to be contracted to 
15 ft. diameter by means of tapering 
plates for another 9 ft., and from thence 
to the roadway the piers were to have a 
diameter of 15 ft. The circumference of 
the lower part was to have been cast in 
12 segments, each plate to be 9 ft. high ; 
the upper parts of the piers in 8 seg- 
ments ; all the flanges, both vertical and 
horizontal, were to be bolted together 
and caulked. Plates of these dimensions 
require to be cast with great care in or- 
der to keep them frum buckling in cool- 
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ing, otherwise a great deal of labor is 
wasted in chipping and adjusting them 
to bring in the bolt-holes, and this would 
have to be done in the river, causing great 
delay and expense. It would have been 
‘impracticable to transport such large 
castings as 21 ft. cylinders from the coun- 
try, but the Battersea Foundry being sit- 
uated so close to the proposed bridge, 
Mr. Kingsford thought it quite feasible to 
attempt to cast them in rings or cylinders 
in loam, instead of in plates as at first 
proposed, and he mentioned it to Mr. 
Ordish, who agreed that it would be pre- 
ferable if practicable. Before undertak- 
ing, however, such large castings, there 
were several very essential points to be 
considered. The foundry at Battersea is 
150 ft. long by 75 ft. wide ; the portion 
specially set apart for loam work is tra- 
versed by a travelling crane of 30 ft. span, 
carried by the external wall on one side 
and by arow of columns and girders run- 
ning down the centre of the foundry on 
the other. The cupolas (3 in number) 
are situated at the end of the traveller's 
run. The only available portion of the 


loam ground that could be set apart for 


the purpose of casting these cylinders was 
about 80 ft. by 30 ft. under the traveller, 
as none of the cranes would be powerful 
enough to lift such heavy cores and cast- 
ings. The space necessary to build the 
cope for the 21 ft. cylinders would be at 
least 30 fi., and nearly the same for the 
core ; thus 60 ft. of the 80 ft. would be 
dispused of, leaving only 20 ft. for the 15 
ft. cylinders. It was neccesary, there- 
fore, to arrange for casting them alter- 
nately, building first a 21 ft. core, and 
then a 15 ft. core in the same ground, 
thus economizing space. The next point 
for consideration was how to get the cast- 
ings out of the foundry, as it was quite 
evident at a glance that they must be got 
out on edge, as the doors were only 15 
ft. wide, and could not be widened 
without endangering the superstructure. 
There was sufficient height, fortunately, 
to enable them to be lifted clear of the 
ground in this position, and rolling them 
down to the water’s edge suggested itself 
as the best mode of delivery. These 
questions ascertained and settled, Mr. 
Kingsford’s suggestion, that the piers 
should be cast in cylinders instead of in 
plates, was adopted. The production of 
such large castings is in reality a matter 





for the civil engineer quite as much as 
for the founder, for whereas in most cases 
the foreman at the foundry is left pretty 
much to his own resources and ingenuity 
to construct as he pleases his own tools 
and appliances, in this case it was not ne- 
cessary for the engineer to aid him in 
well defining and reducing to accurate 
calculation the several strains likely to be 
met with and provided against in the 
construction of the mould, and the whole 
was thoroughly digested and laid down on 
paper before commencing the work. In 
spite of all these precautions, however, 
the strength required was underestima- 
ted, for the first cast was a failure, the 
brickwork in the core being too weak and 
giving way to the pressure of the metal. 
It was feared that the traveller was of in- 
sufficient power to carry a core of the 
size required with a wall of brickwork 9 
in. thick, and which, it was calculated, 
would weigh, with the necessary iron in 
it, very nearly 18 tons; so the core 
was made of 4} in. work, with piers 
about 5 ft. apart, and its weight did 
not much exceed 10 tons. Every oth- 
er detail appeared to be satisfactory. 
It was necessary to provide against. 
the pressure of the metal on the walls of 
the cope; the cope was therefore built in 
the ground, of 9-in. brickwork, well ram- 
med up all round to the level of the sur- 
face; for although the core had to be 
broken down for each casting, the cope, 
as far as the brickwork was concerned, 
remained permanent, and served for all 
the succeeding castings of the same form 
and size. When the pit was dug the loam- 
ring was laid in position, and upon this 
the wall was built. These rings were 
generally cast in one piece, but, for want 
of space in the foundry at the time, the 
ring was made in three segments, and 
bolted together ; and as it was proposed 
to cast the conical cylinders in the same 
pit, a strong cast-iron cross was provided, 
and laid permanently at the bottom of 
the pit, with its twelve arms passing un- 
der the loam-ring, so that it could be 
used to bolt down the conical cores with- 
out interfering with the cope of the first 
cylinders. The loam-ring for the cope 
was 18 in. wide and 2} in. thick, and cast 
with twelve lugs round the circumference, 
to which lugs were attached the tying- 
down bolts, consisting of 14 in. round 
rods, forged wita stirrups fitting the lugs 





ON THE CYLINDERS FOR THE ALBERT BRIDGE. 239 





of the loam-ring. The weight of metal in | 


the ring and cross amounts to about 7 
tons. The cope was built up of 9 in. 
brickwork, with binding plates set in the 
joints at about every 6 courses. The 
plates were ? in. thick, and 9 in wide; the 
walls were well rammed up all round and 
thoroughly dried. Thus far the structure 
is permanent, and remains in situ. The 
wulls are faced inside with a coat of loam 
struck up in the ordinary way by means 
of the loam-boards ; these, however, from 
their extra weight and size, required to 
be counter-balanced, otherwise the pro- 
cess differs in no way from the general 
plan adopted in all like cases. In strik- 
ing up the cope a seating of about 6 in. in 
depth is formed at the bottom of the 
mould; a similar seating called a dummy 
is also formed on the floor where the core 
is to be built up; this seating serves for 
all the succeeding cores ; the core being 
constructed on this dummy, corresponds 
exactly with the seating at the bottom of 
the cope, and when placed in position is 
guided by it into the centre, leaving the 
desired space all round for the metal. The 
core is made on a ring cast rather smaller 
than the seating, with 8 wrought-iron 
loops cast in, by which the whole is lifted 
and placed in the cope; upon this ring 
are & segmental plates, which carry the 
brickwork. These plates are clamped 
together, forming one ring, but as soon 
as the casting is made the clamps are 
knocked away, and the plates set free to 
allow for the contraction of the metal in 
cooling. At every 6 courses in the wall 
are binding plates in segments to 
strengthen the work, and the brickwork 
is 9 in. thick all over. The core thus con- 
structed weighs 18 tons. In the first or 
lowest cylinder a curved moulding is 
formed on the bottom edge, for as no 
flange is here required it was thought ad- 
visable to strengthen the edge which bears 
on the ground and carries the weight of 
the superstructure; and at the same time 
something of the sort was required to 
equalize the metal, so as to avoid the 
chance of a fracture from any irregular- 
ity in the cooling. All these cylinders, it 
must be stated, are cast the reverse way 
to the position in which they will stand 
in the piers, in order that they may be 
relieved from the mould without breaking 
down the cope. The covering plate, 
which is cast in three segments,is struck up 





to the form of the bottom moulding of the 
cylinders; this, from their being reversed 
in the mould, being at the top, it corre- 
sponds with and fits into a seating formed 
on the top of the cope, and is cast with 
33 holes, 30 of which serve for the run- 
ners, aud 3 for the risers. These seg- 
ments were capable of being dried in the 
stoves; but in order to dry the rest of the 
work, “portable kettles,” as they are 
called, are employed ; in these, gas-coke 
is burnt, and of course this is not so eco- 
nomical as drying in stoves; but the 
stoves at the Battersea Foundry will not 
take in a mould more than 14 ft. wide. 
When the bricks and loam are dry, the 
face of the mould is blacked, and then 
again dried, and the mould is then put 
together. A cast-iron cross having 12 
arms is laid over all, and tied down by 
the 12 1} in. bolts surrounding the cope. 
In making up the mould a sow or trough 
is formed, composed of sand and confined 
between two rows of jointed plates, called 
cribs, fixed on edge all round the top of 
the mould. In this sow are 30 runners of 
about 1} in. diameter, leading perpendi- 
cularly through the holes in the covering 
plate down into the mould between the 
cope and core. Three other holes of 
similar size, which serve as risers, are 
stopped off from the runners on the one 
side of the mould. Three basias com- 
municating with the sow are formed to 
receive first the metal from the ladles. 
The metal when poured is thus con- 
ducted into the mould in 30 small streams, 
which insures a uniform flow to all parts 
at once. 

The calculated weight of the cast- 
ing is about 9 tons, but as it is always 
desirable to have metal enough, and to 
spare, it is run from 3 ladles, a 6 ton, a4 
ton, and a 3 ton, making in all about 13 
tons of metal. The arrangement adopted 
of pouring the metal out at 3 founts is 
very satisfactory. The largest ladle is 
served by the traveller, and the other 2 
by the cranes, one being close to the work, 
and the other about 12 ft. of", from which 
the metal flows to the mould along a 
trough. The metal is melted in 2 cupolas, 
one 3 ft. internal diameter, and the other 
2 ft. 6 in. The largest cupola has 3 
tuyeres, the smaller one 2. A pressure of 
7 in. of blast was got with one of Lloyd’s 
30 in. fans, driven by an 8-horse engine, 
and the 13 tons of metal was run down in 
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about an hour and a half. A mixture of 
} pig iron and ? best machine scrap is 
employed, which produces a metal ex- 
tremely strong and suitable for the pur- 
pose. 

The conical castings forming that 
portion of the piers of the bridge which 
reduces the diameter from 21 ft. to 15 ft. 
require rather a different arrangement 
with regard to the building-up of the core. 
The angle of the cone is so great, con- 
tracting as the cylinders do 3 ft. on each 
side in a height of 4 ft. 6 in., that it would 
be impracticable to lay on the loam over- 
head, as it were; it would not have ad- 
hered to the brickwork, but would have 
fallen off as soon as the board left it. 
The plan was therefore adopted in thick- 
nessing up the cope and building the core 
within it. The cope of the conical cylin- 
ders is built inside that of the parallel ones, 
as there are some more to cast after these 
are done. When the cope is struck up 
in loam and dried, a thickness of wet 
sand, corresponding with the thickness of 
the casting, is laid on and struck up with 
the core-board and dried. The core is 
then built inside the cope, and when dry 
is lifted out and dressed, and the thick- 
ness of sand removed; in all other re- 
spects the casting is conducted as usual, 
except that as these castings present more 
surface on plan, they require extra hold- 
ing down, which was effected by means 
of cast-iron clamps on the inside, in ad- 
dition to the 12 external tie-bolts. The 
15 ft. cylinders are made in every re- 
spect in a similar way to the 21 ft. ones, 
aliowance being made for the difference 
in size only. They weigh orly about 7 
tons, and it takes a week to prepare each 
mould. 

Mr. Kingsford concluded his paper 
by some remarks on the estimation of 
the several strains that are set up in 
moulds during the time of pouring in the 
metal for these large castings. In the 
case of the 21 ft. cylinders the width of 
the flange was 4in., the circumference 
being 66 ft., giving an area of 22 sq. ft., 
multiplied by 4 ft. 6 in., the height of the 
cylinder ; this equals 99 cubic ft. of dis- 
placement,and asa cubic foot of iron weighs 
4 cwt. there is about 20 tons exerting it- 
self to lift the core. In the conical cast- 
ings the flotation is considerably more. 
The difference of areas between the 
cylinder at the bottom and top of the 





mould represents about 190 sq. ft. ; this, 
multiplied by 4 ft. 6 in., the height, gives 
855 cubic ft. of displacement, being equal 
to 170 tons. From this we must deduct 
about 20 tons for the weight of the core, 
which represents a vessel floating in liquid 
iron, and 150 tons is the upward pressure 
on the tying-down bolts. There are 12 
1} in. bolts, equal to 27 circular in., 10 
tors to a circular in. being generally con- 
sidered safe. This gives 270 tons, which 
should be sufficient; but in order to be on 
the safe side, the mould is clamped on the 
inside, which greatly adds to its rigidity, 
the object being to guard against the 
mould straining, as much as possible. 
Besides the actual strain from the pres- 
sure of the metal exerted to float the core, 
there is the lateral pressure on the walls 
of the core and cope. The cope being in 
the ground and well rammed up, may be 
passed by as safe, but the core requires 
very careful construction. ~ Eight of these 
cylinders, out of about 30, have been cast. 
The core of the first, as before stated, 
was not sufficiently strong enough to bear 
the weight of the metal against its sides, 
and it gave way. The second strained so 
much that instead of its thickness averag- 
ing 13 in., as it ought to have done, it 
averages 2 in., and weighs 12 tons. The 
succeeding ones have not strained much, 
but the lightest is fully } in. thicker than 
it ought to be, and Mr. Kingsford believed 
that, in order to cast them without strain- 
ing in the least, the walls of the core 
would have to be 18 in. thick, and 
the core would weigh upwards of 30 
tons. 

Now that it is possible from practice, 
however, to judge the amount of the strain 
in the castings, it was allowed for, and the 
remaining cylinders will be nearly correct 
as to thickness. Another cause of struin- 
ing is the pressure of the suddenly heated 
air in the mould as soon asthe melted 
iron is run in. This is not so easily cal- 
culated; but it is necessary, in order to 
have a good sound casting, free from 
scabs, that the air should be thus confined. 
The metal enters by 30 runners, and the 
same quantity of air, greatly augmented 
in bulk, has to escape through 3 risers, 
which it does, in all probability, at a pres- 
sure of nearly 15 lbs. to 1 in. If so, it 
would just about double all the strains, 
for 1 in. of iron, 4 ft. 6 in. high, equals 
about 14 tons or 15 tons. 
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ARCHITECTURE FOR ENGINEERS.* 


After some introductory observations, 
Mr. Rew remarked that the right under- 
standing of the principles of architecture 
by engineers was of the greatest and most 
varied consequence and value. That Eng- 
lish engineers had carried out works of 
great value and importance in almost 
every country in the world was a fact to 
be proud of, and while it was to be hoped 
that great works, even surpassing those 
that had been accomplished, were yet to 
be achieved by them, it was to be trusted 
that such future works might approach cs 
near to the artistic beauty as the past ones 
did to scientific and mechanical perfection. 
Up to the present, if our mechanical archi- 
tecture had been_bad, our “ engineering” 
architecture (if the expression might be 
used) had not been all that could be de- 
sired. Some of the railway bridges over 
the Thames, for instance, did not convey 
the idea of abstract and perfect beauty, 
while the preposterous roofs of our great 
terminal railway stations seemed first of 
all to suggest “how much you are in the 
open air when standing on the platforms 
under them.” It seemed ridiculous to 
build such enormous roofs where headway 
was only wanted for the funnels of the loco- 
motives. If it were argued that, to cover so 
great an area witha roofof one span,such a 
great height was a necessity, and that to di- 
vide the same area into portions by rows of 
columns was bad economy of space, it 
might be said, in reply, that admitting the 
argument of economy (which was, how- 
ever, an open question), the gain of a 
little more space in the platforms was very 
dearly bought by the frightful appearance 
of these large roofs from the outside. As 
for bridges, Mr. Rew feared that until the 
time came, when engineers should turn 
their attention to building them of stone 
again, or at least until stone piers took the 
place of iron cylinders, papers on “ archi- 
tecture for engineers,” would at least be 
premature ; for, anything more utterly 
above or below careful criticism than 
structures with no more artistic beauty 
than the Chatham and Dover Bridge at 
Blackfriars, or the South Eastern Bridge 
at Charing-cross, it would be difficult to 
imagine. In the new Blackfriars Bridge 





*A paper read before the Civil and Mechanical Engineers’ 
Society by Mr. C. H. Rew. 
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there was at least one great step in the 
right directicn—viz., the adoption of piers 
of masonry, instead of the ill-proportion- 
ed and dropsical iron columns seen in the 
railway bridges mentioned. But even in 
Blackfriars bridge the columns (or pulpits) 
standing on the cutwaters offended against 
the first law of good architecture—the 
law of Truth. Why those columns should 
be of their present diameter, with only a 
light parapet to carry, it would puzzle the 
architect, if not the engineer, to tell. 
Another, but smaller fault, was the ab- 
sence of a moulding of some sort or other 
under the brackets or trusses to the cor- 
nice of the bridge ; as they now were, 
they appeared to be supported by the very 
part they were meant to strengthen. 
These were examples which went to show 
that there were many points where great 
improvement was possible. It was, there- 
fore, worth while to try to discover some 
of the simple (but too often neglected) 
principles in the application of which good 
architecture consisted, and to the appli- 
cation and understanding of which any 
improvement wstheticially of our engi- 
neering works (if it was to be made at all) 
must be mainly due. The subject would 
be better appreciated by starting with a 
clear understanding of what was really 
meant by the word “architecture” as dis- 
tinguished from “building,” for the things 
meant were quite distinct from, although 
often associated with, each other. It was 
quite possible to have a building covering 
a large area, yet quite innocent of any- 
thing that could be called architecture. 
The building, so to speak, was the con- 
structed skeleton ; the architecture was 
that which determined the exact outward 
appearance of the perfect body. To build 
was literally to erect or construct—to fit 
and apply each material in the form and 
position most suited to its capabilities 
and nature, and soas to get the most 
work out of the smallest quantity of ma- 
terial ; but, in the words of a modern 
writer, “ building does not become archi- 
tecture merely by the stability of what it 
erects, and it is no more architecture 
which raises a church, or fits it to receive 
and contain with comfort a required 
number of persons occupied in certain 
religious offices, than it is architecturs 
which makes a carriage commodious or a 
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ship swift. That is church-building, coach- 
building, or ship-building, as the case may 
Le, but it is not necessarily architecture.” 
It had been well said that architecture was 
“the adding of unnecessary features to a 
building.” For instance, if a stone bastion 
were erected—that was building ; but if 
@ projecting course of masonry was left 
near the copping, and caused to represent 
a cable—that was architecture. Or if an 
arch was thrown over a door or window 
opening—that was building ; but if the 
arch stones were moulded or carved, that 
moulding and carving was architecture. 
Therefore, while there could not possibly 
be architecture without building (or, for 
that matter, good architecture without good 
building), it was quite possible to have 
building in which architecture was wholly 
wanting. Among the leading principles 
which distinguished good from bad, 
whether in architecture or building, first- 
ly, and at the head of all, came the law of 
common-sense, or Truth. When this was 
wanting the building or architecture in 
question must be bad—utterly past 
amendment. No architecture or building 
which was a sham was worth anything 
but contempt. But if, on the contrary, 
having regard to the fundamental law of 
truth, a building was first of all planned, 
with each portion or room in its natural 
place, and where, from its intended use or 
connection with other parts, one would 
expect to find it, much had been done to- 
wards obtaining a good building. If the 
walls were solid and good, the doors and 
windows, and other subordinate parts, 
so grouped and placed as to weaken the 
walls in the least degree possible, another 
step had been taken in the right direction. 
If the roof was arranged to cover the 
building in the simplest and least compli- 
cated way, instead of, as was sometimes 
done, making it as elaborate and eccentric 
as possible, as if the designer had taken 
delight in getting into little dilemmas 
just to show how clever he was in getting 
out of them, still further was done in the 
right direction. And if the eaves were 
brought well over the walls, and the chim- 
neys carried well above the roof, the de- 
signer would be rather a genius than 
otherwise if the result was not something 
in the shape of a good building. Again, 
the subject might be yet further gone into 
by considering the use and nature of the 
materizls employed. As regarded stone, 





as stone, the geological arrangement of 
the rocks was the surest guide to the right 
arrangement of the stone in the different 
stories of a building. Granite, which 
(speaking geologically) was the lowest or 
base stratum or system, naturally suggest- 
ed itself as most appropriate in the lower 
stages of a building, or in any portion 
where great weight had to be sustained. 
As for the working of the individual 
blocks, the safest rule was to use the stone 
as soon as it was worked to the required 
shape, for whatever was done more was 
just so much ruination to it. In nine cases 
out of ten more labor was wasted in what 
was called “finishing” stonework than 
was spent or required to be spent in work- 
ing it to the required form. People won- 
dered why modern stonework looked so 
tame and lifeless. Writer after writer had 
pointed out that in the old masonry the 
stonework was “rough and ready ;” yet 
in practice, they would not be content 
with having stonework wrought into shape 
or done, but over and above that, it must 
be finished. And most thoroughly finish- 
ed it was,so far as having any life or 
beauty left in it. As an instance, during 
the rebuilding of St. George’s Church, 
Doncaster (one of the first in point of 
time, as well as of merit, of modern at- 
tempts at restoration), an argument was 
in progress between some members of the 
Restoration Committee, during a_ visit 
to the masons’ yard, as to why the new 
stonework persisted in looking so tame, 
although the masons were working it as 
neariy as they could to the old sections. 
Nobody could tell until one of the com- 
mittee happened to see a piece of mould- 
ing lying on a block. That, they all ex- 
claimed, was exactly what they wanted, 
but they were corrected by the mason 
saying, in a tone of pitying condescension, 
that it wasn’t “finished.” That explained 
the whcle secret, and no more “ finishing” 
was allowed, the result being all that could 
be wished. Again, in the use of brick, 
the rule at the bottom of it all (and the 
infringement of which caused a very large 
proportion of architectural failures) was 
to “let a building look as if it was a brick 
building, and not a stone one.” Brick, if 
rightly used, was as honorable a building 
material as stone, and quite as much (if 
not more) capable of being its own decora- 
tion. In London, brick, according to 
the doctrine of locality, was the right ma- 
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terial to use, and was strictly speaking, | material ; but they should show at once, 
“the indigenous building-stone of the| by their position and use, that they 
neighborhood.” As instances of what, hada reason for being of stone, and should 
could be done in brick architecture, Mr. | not leave room for the idea that it was a 
Rew referred to the buildings on the east | mere freak or question of the moment 
side of King’s Bench-walk, in the Temple, | with their designer as to which they should 
and (of modern work) the small church | be. Of timber and iron there was not so 
of St. James’s the Less, and the more | much to be said as at first sight appeared. 
ornate one of All Ssints’, Margaret street. | As regarded timber, its use was becoming 
Among the ways in which brick was mis- | almost a thing of the past, so that there 
used was that of attempting, by grouping | were not so many chances of making mis- 
the courses, to give the idea of largeblocks | takes as its more frequent use would af- 
of stone. This was sometimes done by | ford. As the subject of ironwork was ex- 
setting back every seventh course or so | haustively treated of in a paper read be- 


from the ordinary plane of the walls, the 
intention being to convey the idea that the 
six courses formed a single course of stone, 
and that the seventh was the joint. The 
same thing might be done by placing at 
regular intervals a double course of cham- 
fered bricks. Another and very common 
thing was to see the wall built of one kind 
of bricks, and the jambs and quoins of an- 
other. All such preceedings were directly 
opposed to the fundamental rule of truth 
and common-sense, for, taking the last 


example of the quoins, the mistake was | 


not in putting the better material where 
there was more work to do or more ex- 
posure to bear, but in making it pretend 
to be what it was not. Just in the same 
way that in masonry one sort of stone was 
used for the ordinary walling and a harder 
and better kind for the quoins, where the 
means at disposal would not allow the 
better stone only to be used, so, in brick- 
work, it was perfectly rational to use an 
inferior sample of brick in the walls, with 
a harder and firmer kind for quoins. 
But doing this honestly was a different 
thing to building quoins of brick that 
looked at a little distance as if they were 
stone, if bad and false. It seemed to the 
author that it might be taken as an axiom, 
that the first step towards the right use of 
brick as a building material was to put 
utterly out of mind the notion that brick 
was only to be regarded as a cheap and 
nasty substitute for stone, and only to be 
tolerated where the funds at disposal 
would not admit of the latter material. 
He did not, however, object to the use of 
brick and stone in the same building, for, 
of course, there were portions, such as 
columns, with their bases and capitals, 
brackets, corbels, and, in fact, all parts 
meant ultimately to be moufded or carved, 
for which stone was the only suitable 


fore the Society last session by Mr. Driver, 
he (Mr. Rew) need not dwell on that 
subject on the present occasion. 

As to the artistic part of his subject, 
Mr. Rew said that the first great charac- 
teristic which should be kept in view was 
what was meant and understood by the 
term “proportion.” In order to attain 
this, it was necessary, according to Mr. 
Ruskin, to have one large thing and sev- 
eral smaller things, or one principal thing 
and several inferior things, and to bind 
them well together. “Sometimes,” said 
Mr. Ruskin, “there may be a regular gra- 
dation as between the height of stories in 
goo 1designs for houses—sometimes a mon- 
arch with a lowly train, as in a spire with 
its pinnacles—the varieties of the arrange- 
ment are infinite; the law is universal. 
Have one thing above the rest, either by 
size, or office, or interest, and the rest 
subordinate to it as their relative size or 
office demands, or anything like propor- 
tion is an impossibility.” Another sure 
sign of good architecture was change or 
variety—i. e., designing each portion, wall, 
roof, arch, door, or window, with care and 
study, suiting its form, size, and decora- 
tion to its use and office in the building, 
thinking no part too mean to be deserving 
of the architect’s best work, and as far as 
possible removed from the more generally 
accepted principle of making one detail 
drawing do for as many duplicates as 
possible—an arrangement of evident ad- 
vantage in taking out quantities, but as 
evidently fatal to the architecture of a 
building. The work of the artist-archi- 
tect should bear at every point traces and 
proof of the pleasure caused in the pro- 
cess of designing it. There was one class 
of buildings, of the first importance to 
engineers, that, according to Mr. Ruskin, 
should never be decorated at all, but 
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should be wholly devoid of anything like 
ornament. Why this sort of argument, 
however, should apply to railway stations 
more than to other buildings where busi- 
ness had to be transacted, it was difficult 
to discover. The next great consider- 
ation in obtaining effect in architecture 
was that of shadow and shade. On the 
right application of this law depended 
almost wholly the effect and explanation 
of grouping. The “power” of architec- 
ture depended almost entirely on the 
breadth and depth of its shadows. A 
walk round the cloisters of Westminster 
Abbey on any bright summer afternoon 
would show how much their effect de- 
pended on the broad masses of clearly- 
defined shadow. The foregoing were 
some of the guiding rules which conduced 
to the attainment of good architectural 
effect, but, as he had stated, the first 
great essential was common sense, or 
truth, meaning thereby the absence of 
anything approaching either to affecta- 
tion or deceit—and this in the quality or 
nature of the material no less than in the 
amount of labor bestowed upon the work. 
“We may not,” to again quote Mr. Rus- 
kin, ‘be able to command good or beau- 
tiful, or inventive architecture, but we 
can command, at least, honest architec- 
ture. The meagreness of poverty may be 
pardoned, the sternness of utility respect- 
ed, but what is there but scorn for the 
meanness of deception?” Never to gain 
effect or to make work look quaint should 
this “meanness of deception” be resorted 
to; never to suggest a mode of structure 
other than the true one; and the surface 
of one material should never be painted 
tc imitate the surface of another. If 
marble chimney pieces could not be af- 
forded, be content with stone, slate, or 
wood, but do not paint them to represent 
marble. In the case of woodwork, if ma- 
hogany or walnut could not be afforded, 
be content with deal, only let it suffice to 
varnish it, or paint it some inoffensive 
flat color, instead of making people be- 
lieve it was maple or wainscot oak by the 
use of the abomination known as grain- 
ing. This principle of honesty was to be 
shown in many other ways, notably in the 
application of enrichments or decorations 
to returned or partially hidden surfaces. 
In parts of a building bearing ornament, 
it was not good architecture to stop it in 
portions only partially seen, unless some 





bold and openly confessed termination 
was put, telling the spectator plainly that 
it did not stop, and not leading him to 
suppose that even the less prominent 
parts of the composition had been deco- 
rated. 

To have good architecture, one must 
start with all the circumstances and re- 
quirements of the building in view. For 
instance, this window or that door de- 
manded, from its relative importunce, a 
certain amount of architectural treatment, 
which should be given it, not so much re- 
garding its actual position in the building 
as the dignity of the functions it had to 
fulfil. This rule also applied to the “mem- 
bers” or component parts of the orna- 
ment, and we might always estimate its 
lasting value by the amount of rightly 
directed labor spent upon it—for it was 
sympathetic labor that alone gave worth 
to ornament of any kind. There should 
be no decoration at all unless it could be 
had good, and to have it so time and skill 
must be expended upon it. Any attempt 
to reproduce ornament cheaply, end by 
means other than labor and thought hon- 
estly bestowed, was to be avoided wher- 
ever good architecture was required. A 
building might be ever so plain, and yet 
its architecture might be good in the 
highest sense of the word. Salisbury Ca- 
thedral was much nobler architecture than 
Henry VIL.’s Chapel or the new Palace of 
Westminster, although the one was almost 
as devoid of ornament as the others were 
smothered with it. It might be safely 
taken asa principle that those portions of 
a building that derived the most interest 
from their form were those that could 
best do without superadded decoration. 
In the case of a series of pointed arches, 
for instance, it would be much better to 
let the arches depend for their interest on 
the curves to which they were struck, and 
to put such decoration as was at .com- 
mand into the otherwise rather uninter- 
esting spandrel, than to have an elabo- 
rately moulded and parti-cclored arch, 
and a perfectly dull and monotonous sur- 
face in the spandrel. The common prac- 
tice, too, of having the capitals of columns 
so elaborately carved, in many cases where 
everything was plain, was a very great 
mistake, Given, then, all these tests of 
good architecture, in what style were to 
be found the fargest number of them to 
put to ordinary use? His answer was 
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our own English Gothic. Discarding copy- 
ism after a careful study and attempt to 
discover the principles of common sense 
and mechanical science in construction, 
and the correct application of ornament, 
architects should carry them out in their 
own work and practice. English archi- 





tecture was the fitting companion and ac- 
companiment of English engineering, and 
would be all the more so as it consisted 
of and rested upon that constructive sci- 
ence in the application of materials ready 
to hand, which was the very essence of en- 
gineering. 





THE PRESERVATION 


OF IRON SURFACES. 


From “ The Engineer,”’ 


Although it might be injudicious to ! unfavorable actualities, with the intent of 


pass comments on “the Megzera case, per 


providing in future against—more than 


se, whilst yet the investigation is going | contingencies—certainties, by the utiliza- 
on, yet in so far as testimony bears upon | tion of such aids as science has put with- 
the preservation of iron structures gene-!in reach. For reasons that will be obvi- 


rally, we make no apology for offering ! 


some remarks suggested by revelations 
which have already been made. The 
agencies conducing to the disintegration 
of iron merit the fullest consideration. 
Some cases of wear and tear involve only 
questions of expense ; of the wearing out 
of a substance renewable at a cost great- 
er or less, no question of safety to life 
or limb coming upon the field of debate. 
A moment’s consideration will make ap- 
parent the fact that the disintegration 
of some iron structures does not, belong 
to this category. To begin with iron ships, 
for example, the Megzra calamity was not 
needed to impress the fact that on the 
oxidation or non-oxidation, the integrity 
or degeneration of a few square inches of 
an iron plate, the whole question of the 


safety or the perdition of a ship’s crew’ 
turns. Take again, the case of tubular ' 
bridge constructions and iron suspension | 
bridges, of which the two structures | 
across the Menai Straits are prominent | 
examples. Here it will be evident, on | 


consideration, although the thought is | 
alarmingly disquieting, that day by day | 
they grow weaker, and that no means of | 





ous without specifying them, we regard 
the preservation of iron ships as of less 
pressing import than that of suspension 
and tubular bridges. Whether a ship be 
of wood or of iron, its normal or calcula- 
ted life is not great. Some 50 years, per- 
haps, may be fairly considered as a long 
term of existence. The times of possible 
calamity to a ship are comparatively short, 
viz., only from port to port ; moreover, 
even though an iron bottom should give 
way and a leak occur, and further, no 
means of repairing the disintegration ex- 
ist, the pumps are still a resource which, 
as we have seen in the case of the Megew- 
ra, may fairly be relied on to tide over 
the utter catastrophe of sinking and utter 
destruction. To our mind, the actuality 
of iron bridges, tubular and suspension, 
is far more serious. Whereas a ship is 
designed and constructed to last only a 
short time, a bridge, comparatively so to 
speak, is meant for all time. It behooves 
the engineer, then, to ponder well the 
elemental deteriorating forces which act 
upon the material of their construction. 
Chemically regarded, the relations of iron 
to external influences are not difficult to 


effecting repairs, wholly reliable and sat-|enunciate. This metal may be taken, for 
isfactory, are known to exist. Granting | purposes of investigation, as presenting 


—and the postulate is not logically to be | 
evaded—that the inferior limit of cohe- | 


sion is slowly but surely approaching, 


itseif in the three states of actually pure 
iron, of impure though still malleable 
‘iron, and of cast iron, which latter, chem- 


there must come a time when a crash will | ically speaking, is the metal in its major 


occur—a catastrophe atthe very thought | degree of impurity. For practical pur- 
of which the blood curdles. To ignore | poses, we may eliminate the first. Abso- 


an inevitable result merely for the cause 
that reflection is disquieting, is the very 


lutely pure iron is a mere chemical curi- 
osity, never occurring in practice, and not 


reverse of practical common sense. Rath-| often met with in chemical laboratories 
er study conditions, making the best of' of research. Ordinary wrought iron— 
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which is the metal in its highest state of 
practical purity—and cast iron, are the 
only forms with which we have to con- 
cern ourselves in any investigations rela- 
tive to protecting the metal against ex- 
ternal agencies. Now the fact may be 
taken as proved, that if iron be absolutely 
protected against external agencies, it is, 
chemically speaking, indestructible. We 
concede that though one of many circum- 
stances, prolonged vibration being of the 
number, iron may assume a new molecu- 
lar state, a state more or less crystalline, 
m point of fact, whereby its cohesion 
is weakened. Fortunately, however, this 
result in practice is found to be rare, more 
rare, indeed, than either theory or labora- 
tory experiments would seem to promise. 
Whether rare or frequent, the condition 
is one that holds out no hope of ameliora- 
tion, and hence the engineer must be con- 
tent to accept it as an integral fault and 
drawback—a negative quantity in the 
summation of the qualities of an indis- 
pensable metal. To internal, molecular, 
or mechanical causes of iron weakness, we 
do not propose to give attention just now, 
only summarizing the chemical conditions 
which affect iron externally. What en- 
gineering practice requires is some ma- 
terial which, superimposed upon iren, 
wrought or cast, shall screen it from the 
elements, for all time if possible. Now 
in supplying aa indication or hint, an 
iron casting, if thoroughly studied, is ex- 
pressive. The circumstance must have 
come home to the apprehension of every 
observant engineer that an iron casting if 
taken from the mould, and neither filed 
nor otherwise abraded, may be exposed 
to air and moisture for long periods with 
hardly any effect. If filed, however, planed, 
or otherwise disintegrated, then it is found 
that on the parts so meddled with, 
the elements work corrosion proportion- 
ate to their kind and their degree of con- 
centration. Pursuing investigation, it will 
be found that the immunity depends upon 
a superficial glaze, readily discriminated 
as the silicate of iron. This casualty 
points to the artificial use of some sort of 
silica glaze for the preservation of iron 
surfaces both wrought and cast; but, unfor- 
tunately, except in very rare instances, 
the artificial use of any such silica glaze 
is impossible. Many attempts to employ 
silica have been made, using this mate- 
rial in the condition of soluble glass. 





These experiments have been invariably 
unsuccessful, and for very sufficient rea- 
sons. Except the silica glaze could be 
laid on by some igneous process, the prob- 
abilities of duration would be against it. 
The very circumstance of the glass being 
soluble affords a strong presumptive rea- 
son that it, under natural conditions, 
should in theend washaway. According- 
ly we have never seen any sort of artifi- 
cial silica glaze which fulfils the indica- 
tion desired, and we have no belief that 
further experiments in this direction will 
accomplish what past experiments have 
failed to achieve. 

Before further investigating the quali- 
ties of other iron surface coverings, it will 
be well to pass under consideration the 
merits of the so-called galvanizing pro- 
cess, otherwise the covering of a surface 
of iron with a thin surface of zinc. This 
process is known to be very efficient up to 
a certain point when applicable, but a 
zine covering, however thick, will not pro- 
tect iron in perpetuity, as is sometimes 
erroneously imagined. The science of 
zine covering is very ill apprehended, 
though its principles and practice can be 
easily set forth. It isa law that when two 
metals come in contact, one of which is 
more easily acted upon than the other, 
the metal of naturally lesser destruc- 
tibility is wholly protected so long as a 
competent amount of the other metal re- 
mains to be sacrificed. The result will 
wholly depend on the nature of the metals 
used. If the metallic couple be lead and 
iron, then it is the latter which suffers, as 
we find when iron street palings are fitted 
to their sockets with lead. The pairing of 
copper with iron is still more destructive 
to the iron, hence the well-known impos- 
sibility of copper sheathing the bottom of 
an iron ship. Tin and iron constitute 
another metallic couple in which iron is 
the metal sacrificed, as we constantly see 
in the example of tin plate. Here, so long 
as the tin surface actually remains intact, 
of course the underlying iron is hermeti- 
cally sealed, and no chemical effect can 
happen ; but so soon as the tin is disin- 
tegrated, exposing the iron, then the lat- 
ter perishes much faster than had there 
been no tin at all. The coupling of zinc 
with iron so completely reverses voltaic 
conditions that the zine alone suffers, and 
even when the zinc is all oxidized the re- 
sulting oxide constitutes a mechanical 
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protection of no small efficiency. The 
so-called galvanization of iron, then, al- 
though efficient up to a certain point 
when applicable, is under so great a va- 
riety of circumstances inapplicable, that a 
competent and generally available mode 
of protection has still to be sought. In 
the investigation of this we come to the 


divers category of paints, by whatever: 


name designated. These have to be con- 
sidered in reference to the two points of 
vehicle and pigment, both of which have 
to be taken count of. Amongst the most 
frequent of pigments is lead oxide in one 
of its many varieties, but we venture to 
affirm that no one pigmentary matter for 
iron surfaces can have so many powerful 
objections alleged against it from the side 
of theory, or a heavier inculpation from 
the records of practice. As a supposed 
protection to the bottom of iron ships, 
lead oxide least well responds to the result 
intended. The fact has been conclusively 
proved that, under the condition of im- 
mersion in sea water, lead oxide paint laid 
upon an iron surface is prone to be decom- 
posed, and to evolve metallic lead, the 
effect of which has already been illustrated 
by the case of iron palings lead socketed. 
If experience be appealed to, as results 
have proved, there can be nothing more 
clearly indicated than the utter abandon- 
ment of lead oxide as a pigment for this 
class of work, no matter what the vehicle 
of incorporation may be. As a pigment 
or body color for iron surfaces, we believe 
that oxide of iron is, if not the best, the 
best available ; but, as will presently be 
seen, we lean to the opinion that the very 
best protective paint, if paint it may be 
called, forthe protection of iron, is marine 
glue, dissolved in the curious fluid cupro- 
ammonium. It may be either used alone 
or in combination with a certain percent- 
age of white arsenic. This semi-fluid 
never blisters, not even when laid on hot 
surfaces; it dries in half an hour, and, so 





far as theory furnishes indication of futu- 
rity, it should be imperishable. There 
are some to whom the very sound of cop- 
per in connection with iron will come as 
an evil omen, but the alarm is misplaced. 
Whether a copper solution shall destroy 
iron or protect it, will depend wholly on 
the nature of the copper solution. For 
example, a solution of ordinary blue vit- 
riol, or suiphate of copper, acts so rapidly 
on iron, that it may be even used instead 
of aquafortis for etching on iron or steel 
plute ; but as for cupro-ammonium, a 
bright steel or iron surface, if immersed 
in this, never rusts or otherwise tarnishes 
so that a cupro-ammonium bath would 
perhaps be the best means known of pro- 
tecting from rust delicate steel goods, 
such as surgical instruments. 

Having treated thus much of the means 
of protecting iron surfaces from ravages 
of the elements, it may be well to partic- 
ularize as to what those changes are. 
Oxidation is commonly but erroneously 
spoken of as though it were the only agent 
promoting the destruction of iron. This 
is so far from being the case, that both 
chlorine and sulphurous acid are far more 
disintegrating. Chlorine, however, so 
seldom is developed in air, that practically 
it may be left out of account ; though as 
to ships’ bottoms, the chlorine of chlorides 
in sea water has a wide sphere of practical 
destruction. Far otherwise is the case 
with regard to sulphurous acid, a gas 
which, associated with moisture, as it is, 
in railway tunnels, wreaks sad damage on 
all iron structures exposed to its influ- 
ence. It may be well to remark also that, 
wherever sulphurous acid exists in any 
considerable quantity, the zine surface of 
galvanized iron is no protection, the former 
metal undergoing solution so fast, when 
coming into contact with sulphurous acid 
and moisture, that washing away bodily is 
the fittest expression indicative of what 
happens under these circumstances. 





A COMPENSATING COMPASS. 


From “ Engineering.” 


M. Arson, engineer to the Parisian Gas 
Company, has just invented a compensa- 
ting apparatus for correcting the deviation 
of the compass. The needle of course does 
not in general indicate the position of the 


magnetic north. It is affected by the 
masses of iron entering into the construc- 


‘tion, the armament, or the cargo of a ship. 


These deviations, which were very feeble 
in the time of wooden sailing vessels, have 
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become more and more considerable, in 
proportion as iron has been more largely 
used in the hulls of ships, as powerful en- 
gines and boilers have been introduced, 
as iron armor plates of ever-increasing 
thickness have been added to the sides of 
vessels, and as iron has been utilized for 
masts and rigging. There are cases where 
the magnetic influence of the ship so over- 
balances that of the earth, that although 
the position of the compass is chosen 
with the greatest care, it is impossible to 
obtain much information from its indica- 
tions. 

The means most generally employed to 
escape this inconvenience consist in check- 
ing the deviation of the needle by the in- 
fluence of the ship, and preparing either 
tables of corrections or a curve, called Na- 
pier’s curve, the inspection of which allows 
the deduction of the true from the observ- 
ed variations. This estimation of deviation 
entails a rather long and delicate opera- 
tion, which, moreover, has to be repeated 
for different latitudes, to allow for the al- 
terations of magnetic influence. 

The mathematical works of Poisson and 
of Airy have furnished, it is true, analyses 
of complicated magnetic phenomena, and 
many investigators have proposed means 
of compensating the deviating influences. 
But navigators have shown in general 
little confidence in these various systems, 
becanse all would require frequent changes 
in the position of the magnets, or of the 
masses of iron which serve for compensa- 
tion ; and these changes involve opera- 
tions so delicate, and an incertitude so 
great, that it is preferred to put confidence 
in a compass which is supposed to be 
compensated, and which is more or less 
true. 

The masses of iron in a ship act in two 
ways on the needle of the compass: 
first by their permanent magnetism, and 
then by the induced magnetism that they 
take under the influence of the earth. The 
first effect is constant, and comparatively 
easy to subdue. The second varies with 
the position of the ship, and can be com- 
pensated only by a movable needle. 

The uncertainty of the moving compen- 
sators involves, in the port of departure, 
the correction of the deviation of the 
compass by a magnet as far as possible, 
then ascertaining by direct observations 
the remaining deviations, in order to place 
their quantity on the table or on the 





curves of correction. At present this is the 
general practice in the navy. 

M. Arson hopes by his arrangement to 
obtain exact compensation. Fixed mag- 
nets compensate the deviations due to the 
permanent magnetism. Bundles of soft 
iron wire placed according to certain laws 
given by calculations, ought to compensate 
the deviations caused by induced magnet- 
ism in all positions of the ship and in all 
latitudes. The proposed apparatus, which 
has already been applied on one of the 
steamers of the Transatlantic Company, 
contains, besides the ordinary card, a 
second card, serving as an indicator. 
When it is wished to follow a given route, 
this latter card is traced by means of a 
wheel until it indicates the desired angle. 
Now by this movement the operator has 
placed the packets of soft iron into the 
position in which they are required to 
compensate for the deviation correspond- 
ing to the position of the ship. It is suf- 
ficient, then, to adjust the needle of the 
compass to the same angle which has been 
given, in order that the route indicated 
may be actually followed. 

Conversely, if it be wished to ascertain 
at any moment the route which the ship 
follows, it can be done by moving the 
wheel before mentioned until the repeat- 
ing circle indicates the same angle as the 
compass. By this movement the compen- 
sating parts will have been placed in the 
position which corresponds to the com- 
pensation in the azimuth where the vessel 
is; the angle observed will be the true 
angle of the route. 

If the results sought can be obtained, 
they will be obviously invalnable. Seamen 
experienced in these difficult questions 
will be the best judges of the apparatus of 
M. Arson. 





i, the fabrication of an article called 


sponge paper, lately patented in 
France, evenly and finely divided sponge 


| is added to ordinary paper pulp, and this 


is worked, as in the common paper mak- 
ing apparatus, into sheets of different 
thicknesses, It is said to have all the pe- 
culiarities of sponge, absorbing water 
readily, and remaining moist a long time. 
It has been used as dressing for wounds 
with considerable advantage, and is capa- 
ble of several important technical appli- 


| cations. 
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THE BRIDGES OF LONDON. granite parapet somewhat over on to the 
| cornices and to make it as thin as granite 
| will admit of being worked and fixed in 
| safety. The footpaths are now 9 ft. wide; 


| the addition would be 2 ft. 6 in. on each 


After treating of the bridges of London 
historically, as connected with the vary- 
ing circumstances of the metropolis in 
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early and later times, the author pro- | 
cveded to notice them simply as means | 
of communication considered with refer- 
ence to the localities on each side of the 
river, and to traffic as developed by in- 
creased population and trade. On this 
head he referred to the great difficulty 
now experienced on account of the great 
accumulation of business at theEast-end, | 
considered in connection: with the very 
large traffic on the river up to London 
Bridge. The two great traffics by land and 
water, as it were, overlap, Bridge commu- 
nication, he pointed out, is much wanted 
in the neighborhood of the Tower ; the 
great river traffic, however, will not admit 


side of the bridge, making the footpaths 
11 ft. 6 in. wide. This plan Mr. Carr con- 
sidered as the utmost that should be at- 
tempted. The great object, however, 
should be to lead the traffic westward to 
Southwark Bridge. The toll is now abol- 
ished, and Queen Victoria street on 
the one side and Southwark street on 
the other have opened up good approach- 
es to that bridge; but great hindrances 
to its more extended usefulness are its 
steep approach and narrow width. To 
render this bridge capable of taking its 
due share of traffic, it is proposed to take 
down the existing cast iron arches, and to 





of interference below London Bridge, ex- 
cept at enormous cost. High level 
bridges have been proposed, a tunnel has 
been constructed, but still the traffic from 
the east of London Bridge comes to that 
crowded thoroughfare, and there is no 
immediate prospect of any change in 
that respect. Much has been said of 
late years as to the widening of London 
Bridge, but tbe difficulty was not so much 
on the bridge itself as in the approaches; 
the object should therefore be to divert 
traffic westward as much as possible. If 
it be determined to widen London Bridge, 
it should be done so as not on any ac- 
count to interfere with the general eleva- 
tion ; any addition by ironwork would be 
a barbarous proceeding, destroying the 
effect of one of the finest bridges in Eu- 
rope; besides, such addition to the 
bridge would not relieve its approaches, 
which are as objectionably crowded 
as the bridge itself; moreover, as the 
foundations of the bridge would not ad- 
mit of more weight being put upon them, 
this would be fatal to several plans which 
have been proposed. One suggestion for 
widening London Bridge, which has 
been for some time before the Bridge 
House Estates Committee, was shown by 
two plaster models exhibited by Mr. Carr; 
the proposal consists in thrusting the 





substitute arches of wrought iron; by this 
'change of construction the thickness of 
arch and road material might be reduced 
‘from 9 ft. to 5 ft. 6 in. It is proposed 


'also to reduce the headway underneath 
‘from 29 ft. 6 in. Trinity high water to 25 
ft., making it the same as at the new 
| Blackfriars Bridge. The summit level of 
the roadway would thus be lowered 8 ft., 
which would admit of the gradient on the 
south side being altered from 1 in 26 to 1 
in 43, and on the north approach from 1 
in 20 to 1 in 40—1 in 40 being the stand- 
ard of good gradient fixed by the Bridge 
House Estates Committee for the new 
Blackfriars Bridge. In altering the arches 
it is proposed to corbel out the footpaths, 
increasing the width of the bridge from 
42 ft. to 54 ft., thus making it the same as 
the present London Bridge. The nearest 
route from the Bank to the Elephant and 
Castle is over Southwark Bridge; if, there- 
fore, the approaches were made good and 
the width of the bridge increased, it is felt 
that a considerable portion of the trafiic 
now using London Bridge might be drawn 
westward to Southwark Bridge. Water- 
loo Bridge should be thrown open toll free, 
but there is very little prospect of this be- 
ing done at present. The rebuilding of 
Westminster Bridge of a width of 84 ft. 
has provided ample accommodation there. 
It may be regretted, Mr. Carr thinks, 
that the inclination on this bridge itself 
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has not been made a little steeper, in order 
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to ease the approaches; the gradient on 
the bridge itself is 1 in 58, and the ap- 
proaches 1 in 30 at the steepest part, 
whereas a general inclination of 1 in 43 
would have been more advantageous for 
the road traffic, without interfering to any 
appreciable extent with the river traffic. 
The approaches have been somewhat sa- 
crificed to the bridge, instead of the arch- 
itect considering the whole as one work, 
and giving the best possible inclination 
throughout. Lambeth Bridge was built 
to meet a supposed want, but, singularly, 
little traffic passes over it. Vauxhall Bridge 
is in a good position, but the extension of 
the South Western Railway from Vauxhall 
to Waterloo Bridge, and lately the forma- 
tion of the Southern embankment from 
Vauxhall to Wesiminster Bridge, have 
caused a very severe loss to the Company. 
Chelsea Suspension Bridge is a valuable 
means of communication for residents in 
the adjoining [ocalities, and though it 
cannot be said to take any part in the 
great metropolitan traffic as yet, still, as 
building increases, free access to Batter- 
sea Park becomes more and more desi- 
rable. 

Mr. Carr next proceeded to consider the 
bridges of London as mechanical struc- 
tures, with reference solely to strength 
and stability. Beginning with the foun- 
dations, he said that the original timber 
bridges built by the Saxons and Normans 
across the Thames at London seemed to 
furnish examples of the importance of 
driving the piles of such bridges deeper 
than was then accomplished, for they were 
easily washed up by floods. The defect of 
these piles probably led the builders of the 
first stone bridge into the opposite extreme 
—viz., making the piles too massive, and 
by their very mass leading to destruction 
by increased scour. The piles of the first 
wooden bridges were not stable; the 
foundations of old London Bridge were 
not altogether successful ; therefore in 
building the next bridge ( Westminster) 
another plan was tried, the French sys- 
tem of caissons; in fact, barges in which 
the piers were partly built while floating, 
then sunk in place and the sides removed, 
the site being dredged to receive them. 
The objections to this plan, are that a per- 
fectly level bed cannot be obtained, and 
the caisson bottom must inevitably rest in 
the first instance on limited portions. 
Increased weight and time will no doubt 





produce a more even bearing, but it must 
involve settlement to some extent. The 
caisson system was adopted at the next 
bridge built, Blackfriars; the caissons bot- 
toms or platforms on which the piers 
stood, lately taken up, were 88 ft. by 37 
ft., and 2} balles thick, area 3,256 ft., 
bearing a weight of 11,241 tons, or 3} 
tons per foot super, supposing the whole 
area to take its share of load equally; but 
in fact the weight was carried by a much 
more limited area. The load per foot on 
the surface of timber area of footing was 
about 6 tons. Had this weight been 
evenly distributed over the whole bearing 
surface, the surface being the London 
clay or gravel, resting on the clay, the 
foundation might have been good enough 
as long as not undermined; but there were 
symptoms of the arches having yielded on 
the centres being struck, which leads to the 
suspicion that the pier foundations had 
slightly moved, in fact, had come to their 
bearing as the increased weight came on. 
In arches Nos. 5, 6, and 7 from the south, 
lead was found run into joints on the north 
side, in each case the arches evidently hav- 
ing lurched over to the south, opening the 
joints on the north haunch. Lead was 
run in as much as an inch thick at extra- 
dos, tapering inwards, the masonry joint 
being tight at intrados. The opened joints 
were not in one course through, but step- 
ped a course up or down. It issupposed 
that some 4 or 5 tons of lead were taken 
out, but the greater part was stolen. This 
system of caissons is now universally ad- 
mitted to be defective and inefficient, prin- 
cipally from hability to be nndermined by 
increased scour. Waterloo Bridge was 
the first of the bridges built in what may 
be called the present day—built after the 
date when engineering had become a dis- 
tinct profession, The foundations of this 
bridge were of a totally different character 
from all preceding ; no pains or expense 
were spared, and everything was done 
which at the time was considered most 
efficient. Coffer-dams of double piling and 
puddle were formed, which did their work 
most successfully, the foundation being 
laid dry. Southwark Bridge followed on 
the same principle, and new London 
Bridge immediately after. Taking the 
case of London Bridge, the area of the 
pier foundations was laid dry, with cof- 
fer-dams, 43 ft. below Trinity high water ; 
bearing piles of whole balk were then 
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driven over the whole space 4 ft. and 3 ft. | form is suitable to the superstructure. 


6 in. apart, cross sills were laid on the pile 
heads, the intervening spaces were filled 
in with rubble and brickwork, the whole 
planked over, and the piers built on the 
foundation thus prepared. The weight on 
the foundation of central pier is about 
21,151 tons ; supposing this to be evenly 
distributed over the whole of the bearing 
piles, there would be a weight of about 88 
tons on each pile, and of course, on each 
sill crossing each pilehead. The specifi- 
cation describes these sills as either elm 
or fir. In new Westminster Bridge an- 
other plan of foundation was adopted, re- 
sembling that in building old London 
Bridge, the object in view being to avoid 
the expense of coffer-dams. The principal 
bearing is on 145 elm piles in each pier 
driven 3 ft.3 in. and 2. ft. 6 in. centre 
to centre, and cut off below low water. 
These elm piles are surrounded with 
44 iron piles, 5 ft. from centre to centre, 
with cast-iron plates driven between the 
piles, thus forming a complete casing 
which surrounds and includes the elm 
bearing piles ; the interstices are filled in 
with concrete, making the whole solid. 
The weight on these piers is so slight 
when compared with that on the piers 
of London Bridge that the question of 
foundation becomes of less moment. The 
weight per pile is about 15 tons, suppos- 
ing the elm piles to carry the whole 
weight, or about 11} tons, supposing the 
iron piles to take their share. Query, 
would not solid cement concrete resting 
on a well-prepared bed have made a more 
efficient and more durable foundation 
than piles of timber, the insterstices only 
filled in with concrete? Homogeneity is 
the essence of strength ; one homogene- 
ous mass is the true foundation wherever 
it can be obtained. The next system of 
foundation introduced was that of iron 
cylinders open at the bottom and sunk 
into the bed of the river by excavating in- 
side first by divers ; afterwards, when 
water-tight strata are reached, by pump- 
ing out and working dry, the interior, 
when a sufficient depth has been reached, 
being filled solid with concrete or brick- 
work. The railway bridges at Charing- 
cross, Blackfriars, and Cannon street are 
thus carried. Nothing can exceed the fa- 
cility of putting down such cylinder foun- 
dations, and nothing can be better where 
sufficient area is given, and where such 





The weight required to sink these cylin- 
ders seems to be about 3 tons per ft. of 
circumference, that weight including the 
cylinder itself and the load placed on it 
for driving it down. There is one very 
important distinction between railway and 
road bridges. In railway bridges the 
weight is always carried in the same posi- 
tion, and is naturally transferred on to 
definite and distinct points ; circular cyl- 
inders placed under these terminal points 
of the arch or girder become, therefore, 
suitable foundations. But the case ofa 
road bridge is different, inasmuch as the 
varying traffic is distributed indiscrimi- 
nately all over ; the weight and strength 
of the bridge have, therefore, to be dis- 
tributed also over the whole width, and 
consequently a continuous pier is more 
suitable than such isolated columns as are 
sufficient for railway bridges. 

Having given various interesting details 
of the rebuilding of Blackfriars Bridge, 
Mr. Carr said that in the upper portion of 
the piers of bridges there is not such 
scope for variety as in the construction of 
foundations. For the Thames, the right 
material, no doubt, is granite, and the 
best hearting is good sound brickwork. 
Good sound brickwork carefully built 
in Portland cement or lias lime is 
stronger work and more solid than 
even ashlar throughout ; but the gran- 
ite facing must be well bonded in, 
not such work as is sometimes done— 
a face carried up of stone nearly of the 
same depth throughout. The arches of 
all bridges of any size or importance, up 
to a late date, were always of masonry; 
but after various examples of iron had 
succeeded elsewhere, cast iron was used 
for the arches of Southwark Bridge. In 
later times the manufacture of wrought 
iron has advanced so rapidly, and 
wrought iron offers such advantages over 
cast, that it is now almost universally 
used. The cast-iron arches of Southwark 
Bridge certainly are a bold and noble 
construction. It is a singular and almost 
unique fact with regard to cast-iron 
arches, that they were in the first instance 
made much slighter than in later works. 
The bridge at Sunderland, of 236 ft. span, 
has arches of about 46 in. area of metal. 
Southwark Bridge centre arch of 240 ft. 
span has arches of 6 ft. depth, and 122 in. 
area. The tendency in all other works 
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has been to give greater mass in the first | feeling of distrust in that brittle material. 
instance, and to build slighter in later | As regards oxidation, however, the bal- 
times. The builders, however, of Sunder- | ance is much in favor of cast iron, both 
land Bridge gave their successors no op- | from a less tendency to rust, and also 
portunity of paring dowr; the margin of | from the same absolute amount of loss 
stability there was small indeed. The | being a less percentage on the greater 
danger with cast iron in general, and cast- ‘mass. This is a strong reason against 
iron arches in particular, is that of get- using thin wrought plates in any con- 
ting an unequal bearing either from de-|strustion exposed to the weather—the 




















fective fitting, or from expansion and con- 
traction. The rise and fall of Southwark 
Bridge arches is about 1 in. for ordinary 
change of temperature, or about 1-40th 
in. for each degree, such rise and fall must 
produce considerable variation in the load 
to be sustained by the extrados and in- 
trados of the arches. The brittleness of 
cast iron, together with the improved fa- 
cilities for the manufacture of wrought 
iron, have led to the almost univeral adop- 
tion of wrought iron for arches. If one 
portion of a wrought-iron arch, say the 
intrados, should from bad workmanship or 
other cause have more load to carry than 
the strength of the metal will bear, a gene- 
ral compression would take place in that 
portion, and a corresponding shortening, 
allowing the remainder of the arch (the 
extrados) to come into play before any 
mischief took place. Though cast iron 
in the dimensions usually experimented 
upon has probably double the power of 
resisting compression that wrought iron 
has, nevertheless it is usual not to trust to 
it with much more than about half the 
load, showing how strong is the general 


| loss, say, of } in., by oxidation, would be 
'immaterial in a thick casting, but would 
| be fatal in a } in. wrought plate. With 
| regard to Blackfriars Bridge, the ordina- 
‘ry course of heating the iron work and 
; dipping in boiled oil was pursued, four 
|coats of paint following. Asphalt paint 
for the interior surfaces, and Torbay ox- 
ide of iron paint, finished with Messrs. 
Rose & Co.’s olive green, for the exposed 
face. The great desideratum of the day, 
no doubt, is some means of permanently 
protecting iron from rust; this is now 
said to be done by Messrs. Turner & Allen, 
of Upper Thames street; their process is 
to coat the iron with bronze or copper in 
such a manner as to effect perfect union 
between the two metals; if this union of 
the two metals really be as perfect as sta- 
ted, no doubt it will prove a most valua- 
ble discovery. Having given various in- 
teresting details of the strength of mate- 
rials used in the new Blackfriars Bridge, 
and described the temporary wooden 
bridge at Blackfriars, Mr. Carr, in con- 
clusion, treated of the bridges uf London, 
considered as works of art. 








EXPERIMENTAL TRIP OF THE INDIAN GOVERNMENT STEAM 
TRAIN ENGINE RAVEE FROM IPSWICH TO EDINBURGH. 


By A, CROMPTON, 


From “ The Engineer.” 


One of the stipulations in the contract 
between Mr. Thomson and the Indian 
Government, when the former tendered 
for the supply of 4 high-speed road steam- 
ers, was that 1 engine at least should, as 
a test, travel a distance of several hun- 
dred miles, drawing behind it a load. 
The object of this was to learn as much as 
possible of their behavior when put to 
severe continuous work. 

With this view the first completed en- 
gine, the Chenab, was sent by road from 
Ipswich to Wolverhampton. The results 


of this trial, though satisfactory as far as 
the engines proper, and the india-rubber 
tires, were concerned, were vitiated by the 
failure of the boiler, which could not be 
kept steam-tight, and otherwise gave end- 
less trouble. On the completion of the 
second engine, the Ravee, the field boiler 
of which gave excellent results when put 
through a series of trials with wood fuel 
on Ipswich Race course, Mr. Thomson, 
before giving his final consent to the 
adoption of the same boiler in the remain- 
ing 3 engines, desired me to put it 
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through as exhaustive a trial as that un- | that the waterworks people could not give 
dergone by the Chenab, in order that we}us a single pailful, as they had not 
might find out the weak points, if any, of | enough to water the streets. The landlord 
the Field system, and furthermore note | of the Golden Lion, however, came for- 
the effect of continuous high speed on the | ward, and offered to us in our need the 
engines and rubber tires, this high speed | contents of the cistern in his back yard. 
having been unattainable with the defec- | As the entrance to this yard was too low 


tive boiler of the Chenab. As the Indian 
Government had been very urgent for 
the speedy dispatch of the engines, no 
time could be wasted in further prelimi- 
nary trials. The engine and omnibus 
were ordered to be packed and ready for 
an early start on the morning of Septem- 
ber 13th. 
will give a brief description of the Ravee. 
She weighs when loaded with 1 ton of coal 
and 375 gallons of water in the tank 
about 14 tons ; driving wheels 6 ft. diam- 
eter, cylinders 8 in. diameter, 10 in. 
stroke, geared, fast speed 3{—1; slow 


In order to save repetition I | 


and narrow to admit the engine, we were 
obliged to stand out in the main street, 
and carry the water in buckets, as our hose 
was not long enough to pump it in direct. 
‘Carrying water in buckets is not an 
intellectual pursuit, and nothing could 
induce the tight-trousered race-course- 
haunting inhabitants to lend us a hand, 
so we had to do it ourselves, and were 
consequently not in the best of humors 
when the chief policeman came and told 
us to “ move on.” It was too much. I 
mildly replied, “Mr. Policeman, under 
| the circumstances ‘ moving on’ is impossi- 








speed, 12—1 ; revolutions of crank shaft | ble ; but if you will kindly ‘ran us in’ to 
at 10 miles an hour, 157; boiler has 50 | that much desired back yard, I will for- 
sq. ft. of heating surface in the fire-box, | ward a good report of your engineering 
and 127 sq. ft. in the Field tubes ; grate | capabilities to the bench of magistrates.” 
surface, 11.25 sq. ft. As this large grate | We left Newmarket at 2.40, and arrived 
surface is especially intended for burning | at Ely at 6.15. The whole of this road 


wood, we contracted it to 7.6 sq. ft. by | was so heavy that the engine was literally 


building a ring of fire-brick round the | ploughing along in 3 in. or 4 in. of loose 


grate. 

water. The omnibus when loaded with 
tools, luggage, etc., varied from 5 to 6 
tons accordingly as coals and the engine 
shoes were carried in it or not. ‘The 
gross load, therefore, averaged during 
the whole journey from Ipswich to Edin- 
burgh a little over 19 tons. 
consisted of one fitter, one driver who 
was a lad of seventeen, one fireman, and 
myself. 

We left Messrs. Ransomes, Sims, and 
Head’s yard in Ipswich at 3.40 a.m. on 
Friday, September 15th. The road being 
good and sound, we rattled along at a 
good pace, and reached Stowmarket at 5. 
80, and filled up with water—or rather 
didn’t—as the town pump would only 
supply us with 250 gallons. This neces- 
sitated a stop for water at Woolpit, 8 
miles further on. We reached Bury St. 
Edmunds at 8.15, having run the first 26 
miles in 4} hours including all stoppages 
for pumping, etc. After getting photo- 
graphed, having coaled and breakfasted, 
we started at 10.30. The road was loose 
and heavy all the way to Newmarket, and 
the water was very difficult to get. We 
arrived at Newmarket at 1.27, and found 


The boiler contains 13 ecwt. of | dust and flints. 


Our staff 


We had a very narrow 
and steep iron bridge to cross as we en- 
| tered Ely ; it barely admitted the engine, 
|8 ft. Gin. over all, between its parapet 
walls. We coaled at Ely, and got a guide 
| for Peterborough—such a designing ruf- 
fian! his sole mission appeared to be to 
| guide usinto scrapes. Our troubles com- 
/menced about 10 miles after leaving Ely. 
| Our guide piloted us into a cul de sac, 
terminating in a triangular piece of 
ground, as boggy and treacherous as you 
|please. As its greatest diameter was 
about 30 ft., it required some manceuvring 
| to twist the train round and come out 
again. A few miles further un we crossed 
avery indifferent wooden bridge. The 
wooden bridges in the Fens are most of 
them built on this plan :—The piers are of 
piles, and the roadway is laid on 14 in. 
square oak balks, untrussed in any way. 
Where the spans are short, this is all very 
well, but when they get to 18 ft. and 20 
ft., as is the case with some of the bridges 
near Peterborough, traction engines had 
better go round. However, Meeple Bridge 
was judged to be safe. Shortly after 
crossing it, and a second one over the 
Forty Foot river, our guide insisted upon 
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our turning sharp round to the left, and | 


taking the road along the top of the bauk 
of the Forty Foot. This road was tolera- 
bly wide at first, but gradually narrowed 
until it was only about 10 ft. at the top, 
with a steep slope on one side to the riv- 
er, on the other to the Fen ditch. The 
surface consisted of a thin coating of! 
metal laid on the springy Fen soil of 
the bank, and the whole rose and fell un- 
der the engine like the waves of the sea. 
It was an anxious time for the steersman, 
as he had only a margin of a few inches | 
outside each driving wheel, and if he came 
within this margin ever so little the side 
of the bank immediately began to. cut 
and slide away under the wheel. We had 
10 miles of this fearful road, but to the 
honor of the rubber tire, be it said, it 
never once failed us in a situation where 
a slip or failure to bite for one single in- 
stant would have been a very serious 
matter. To add to our other troubles, we 
found that the water of the Forty Foot 
river was brackish, being admitted from 
the sea to flush the siphons. Our boiler 
did not like this at all, and threw it out 
almost as fast as we putit in. Withina 
mile of the end of this piece of road a 
Field tube burst. It acted like a fusible 
plug and put the fire out immediately. 
We lay down in the ’bus for a few hours’ 
rest, in order to give the boiler time to 
get cool. This was about 2 am. We 
had run 69 miles from Ipswich ; 12 hours 
9 min. travelling, 11 hours 51 min. for 
halts and meals ; speed, 5.67 miles an 
hour ; consumption of water 21.7 lbs. per 
ton per mile; consumption of coal, 5.6 lbs. ; 
number of lbs. of water evaporated by 1 
lb. of coal, 3.85. This day’s performance 
stands alone, as will be seen hereafter, in 
the enormous quantity of water used, the 
heavy consumption of fuel, and the low 
evaporation The first might have been 
expected on account of the continuous 
heavy road the whole way from Bury St. 
Edmunds, and the priming during the 
last 12 miles, caused by the sea water; 
but the two last are still a mystery to me. 
It must be recollected that we had never 
burnt any coal in the boiler before this 
day’s trip, and were consequently in the 
dark as to proportion of fire-grate surface 
and blast required. The engine has still 
her wood burning fire-bars, and a great 
deal of fuel is wasted by dropping through 








them. However, this will not account for 


the great difference between this perform- 
ance and that of the ensuing days. 

After resting we replaced the burst 
tube and got up steam. This took about 
3 hours. The tube had opened for about 
an inch near the end, apparently in con- 
sequence of defective welding. We started 
at 12.30, and arriving at Ramsey we were 


| told that the bridge at Whittlesea bore a 


very doubtful character. After some de- 
lay we found out that if we avoided Peter- 
borough altogether we could get on to 
the great North-road at Sawtry without 
making any very considerable detour. 
After 12 miles of cross country lanes we 
reached the much desired road, and found 
such a change in the rolling resistance! 
The engine appeared to leap forward 
directly we got on to its hard level sur- 
face. Here we took off the shoes and 
stowed them away in the ’bus, otherwise, 
redistributing the weights, making the 
engine weigh about 13 tons 10 cwt., and 
the ’bus 6 tons 12 ewt. Along the great 
North-road we made capital way, running 
the 17 miles between Sawtry and Wans- 
ford-in-England under 2 hours. Arrived 
at Wansford we were most hospitably re- 
ceived by Mr. Jackson of Stebbington 
House, who insisted upon our putting up 
the engine in his grounds and entertain- 
ing us over the Sunday. The result of 
this second day’s run showed an improve- 
ment on the first, particularly in the eva- 
poration, which rose to 4.96 lbs. of water 
per lb. of coal. The average speed was 
6.8 miles; consumption of water, 16.1 lbs. 
per ton per mile; consumption of coal, 
3.25 lbs. per ton per mile. 

On Monday morning we started at 6 
am., reached Stamford, 6 miles, in 35 
min.; Grantham, 26 miles, at 11.15 a.m. 
After breakfasting and watering, we ran 
to Newark, 15 miles, in 1 hour 40 min. 
We ran most of the way at the rate of a 
mile in 4 to 6 min., according as the 
ground was level or undulating. We 
should easily have averaged 12 miles an 
hour, but for the frequent stoppages for 
horses, the slow: speed through villages, 
etc. We arrived at Retford, 6.55; Bawtry, 
10.45; Doncaster, 11.30; and laid up the 
engine for the night in the Wool Market. 
We had run 83} miles in 10 hours 25 min. 
of travelling, 7 hours 31 min. for meals 
and pumping water—speed 8 miles an 
hour. The only noticeable thing to-day 
was the ease with which the engines 
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worked, the small horse-power required, 
and consequent economy vf fuel—much 
of this last due, no doubt, to the excel- 
lence of the road. 

A serious defect showed itself in the 
rubber tire of the steering wheel during 
this day’s run, which afterwards neces- 
sitated its removal. On submitting this 
tire to the examination of the rubber ma- 
nufacturers, the only cause which could 
be assigned for its failure was imperfect, 
or rather insufficient vulcanization. 

The following morning we left Doncas- 
ter at 9.74. m., and arrived at Borough- 
bridge, 42 miles, at 7.55 p.m. At this 
place the defective tire was removed, and 
wooden felloes, hooped with iron tires, 
substituted. 
wheel a rigid one, and its use an inter- 
esting experiment. But a few miles 
showed that, although the steering-fork is 
carried on steel springs, nothing over the 
speed of 5 miles an hour could be at- 
tempted without fearful jolting and frac- 
ture of the steersman’s teeth. The re- 
mainder of the journey to Azerley Hall, 
near Ripon, was accomplished in a cou- 
ple of hours; the result of the run from 


Doncaster being as follows :-—Speed, 5.6 | 


per hour; consumption of water 16.28 lbs. 
per ton per mile; consumption of coal, 
3.00 lbs. per ton per mile; pounds of water 
evaporated by pound of coal, 5.37. Part 
of the road between Doncaster and Tad- 
caster was very hilly, the last few miles to 
Azerley Hall a mere country lane. At 
Azerley we had to wait two or three days 
for the spare tire, and when we had got it 
were detained weather-bound for several 
days longer. Your readers will recollect 
the exceptionally heavy rainfall of the last 
week in September. Seeing no chance of 
the weather clearing, we put on the shoes, 
and started from Azerley at 8 o’clock on 
Monday morning, the 2d of October. We 
found the road so much better at Ripon 
that we removed the shoes again, and 
made a rapid and economical run to Dar- 
lington, 40 miles from Azerley. Although 
the road was wet and slippery, it was free 
from greasy mud, and we were able to get 
along without the shoes. The results of 
the run this day, without shoes, were as 
follows:—Speed, 8.5 miles an hour; con- 
sumption of water, 13.1 lbs. per ton per 
mile ; consumption of fuel, 2.36 lbs. per 
ton per mile ; evaporation, 5.70 lbs. This 
is about the best performance made by 


This made the steering | 


'the Ravee when burning coal. We left 
Darlington the following morning at 
8.45. Just after passing Ferryhill, 
at 12.35, we found that one of the con- 
necting rods was bent; we took it out 
and straightened it; this occupied 7 hours. 
We got under way again, and arrived at 
Durham at 9p. mM. We found some of the 
paved streets of Durham presented the 
steepest gradients of any we had hitherto 
met with, and felicitated ourselves on bav- 
ing put on the shoes at Darlington. Ar- 
rived at High Level Bridge End, Newcas- 
tle, at 3.10, and were refused leave to go 
over. The man in charge said nothing 
over 7 tons had been allowed, so we had 
to turn round about and go down to the 
Low Level Bridge, and then up the steep 
and greasy gradients of Dean street, 
which we ascended at the speed of 6 miles 
‘an hour, although I should think the 
gradient is 1—13. Coaled at Seaton 
Bourne Colliery, at the very pit mouth, 
and reached Morpeth at 10.40. After 
breakfasting, and coaling, we set out 
across the bleak moorland road to Wool- 
er, and not often before, I suppose, was 
such a road traversed by a traction en- 
gine. The road is one series of ascending 
and descending inclines, most of them long 
and steep. Outside Wooler we had an 
amusing passage of arms with the toll- 
gate man, who deliberately refused to 
open his gate. The head lamp was re- 
moved, and the flange of the framing of the 
engine placed gently against the gate; it 
was wonderful to see how easily the gate 
opened, without a murmur, [ should say 
—and the tollman’s face! At Wooler, at 
11.45, we were refused admittance at the 
miserable little inn, because we were so 
dirty that the landlady was “sure we 
should dirty the sheets so much that the 
commercial gentlemen would not like to 
use them after us.” The men got shelter 
somehow, and I improvised a shake-down 
out of the ’bus cushions. The coal, al- 
though only 3 or 4 miles from the pit 
mouth, is here sold in bowls, holding 
about 100 Ibs. each, at something over 1s, 
a bowl. If the gentleman in “ Punch” in 
search of quiet were to go to Wooler I 
think he would find it. 

The results of this run of 78 miles were, 
speed 4.05 miles an hour. This was on 
account of the constant gradients, the 
frequent stoppages for horses near Dur- 
ham and Morpeth, and the continuous 
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rain. Almost all the streams were in 
flood, and the water taken very muddy. 
Consumption of water, 17.9 lbs. per ton 
per mile ; consumption of fuel per ton 
per mile, 3.70 ; evaporation 5.01. We 
were 19 hours 15 min. travelling, and 20 
hours 15 min. halting. The following 
morning, October 5th, we started at 8.30 
a.M., and arrived at Cornhill Railway sta- 
tion, near Coldstream, at 10.50. Here, 
whilst standing to take in coal, occurred 
almost the only accident from horses that 
happened during the whole trip. A string 
of carts laden with lime was passing the 
engine, which was drawn to one side of 
the road ; two or three of the horses got 
frightened, and capsized their carts against 
a wall; luckily, no one was hurt, nor 
were the carts broken. The hinds were 
very sulky at having to shovel all the lime 
into the carts again. Passed through 
Kelso at 3.55, and had a considerable 
bother under the Duke of Roxburghe’s 
wall at Floor’s Castle. The Duke’s wall 
is high, and does not allow the wind to 
dry the road ; consequently, all along un- 
der the wall there is a coating of green, 
slimy soil, which is not favorable for trac- 
tion engines. As we, poor innocents, 
were journeying along in this stuff, we 
had to draw up and wait some lit- 
tle time to allow some carriages re- 
turning from the races to pass. On 
starting again we found we had settled 
into a mess of butter, and it was only by 
scheming and scraping the road, and 
using Mr. Aveling’s device of always back- 





ing out of a difficulty, that we got out. 
On the top of the hills before reaching 
Earlston, we had to shorten the shoes, 
and it was a bitter cold job. I never 
knew wind to blow so sharply. We halt- 
ed for a time at Lauder, and made a good 
run up Lootray Hill, an ircline of some 
34 miles in length, and varying from 1 in 
25 to 1 in 17, gaining both steam and 
water as we ascended it. Got breakfast 
at Blackshields, watered at Dalkeith, en- 
tered Edinburgh by the Dalkeith road 
and the bridges, ran along Princes street 
to the west end, and laid up the engine 
and ’bus in Messrs. Drew and Burnett’s 
yard, Fountain Bridge. A couple of days 
afterwards we took the train out for a 
trip, for the inspection of Mr. Monteath, 
the Director General of the Indian Post- 
office ; and on the following Monday, to 
satisfy that gentleman as to the engine’s 
power of hauling heavy loads up steep in- 
clines, we took her out, with a load of wag- 
ons full of lime, to Mr. Bruce’s farm, some 
27 miles from Edinburgh. In the course 
of this experiment the engine drew 4 
wagons loaded with lime up an incline of 
1 in 17, more than a mie in length, being 
the ascent of the Lammermuir Ridge on 
the Edinburgh side. As the wagons, with 
their load, weighed 26 tous 10 ewt., the 
gross load was over 40 tons, which gives 
64 horse power as the dynamometrical 
horse power. I will, with your per- 
mission, give the performances of the 
engine in a future number in a tabular 
form. 





STEEL MANUFACTURE IN BIRMINGHAM. 


From ‘‘The Mechanics’ Magazine,”’ 


The “ Premier Steel Works,” of Messrs. | culiar temper and elasticity, uniformity of 


Cox, Brothers, and Holland, occupy ex- | quality being essential. 


tensive areas in three different parts of | 
the town of Birmingham, namely, Alcester | 
street, River street, and Glover street. 
These works, as the name implies, were 
the first, and are indeed the only, manu- 
factory of steel in Birmingham, and their 
origin possesses so much intrinsic interest, 
and is so typical of the great and rapid de- 
velopment of the town generally, that some 
account of them will be found instructive. 
This firm has long been engaged in the 
production of steel frames for umbrellas, 
sun-shades, etc., which require steel of pe- 





While their trade 
| was confined within moderate limits, there 
was but little difficulty in obtaining ma- 
terial of the particular quality required, 
but as their transactions increased, the 
demand exceeded the supply. The diffi- 
culty grew in almost the exact ratio of the 
extension of their business ; and thus in 
time became a matter of serious impor- 
tance, necessitating special arrangements. 
After many experiments and efforts in 
various directions, it was finally determin- 
ed to enter upon the manufacture of the 
article for themselves, and the result has 
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borne remarkable testimony to the wisdom 
of this course, for they now not only pro- 
vide for the large requirements of their 
own business, but produce steel of every 
description, which is sent in great quanti- 
ties to all parts of this country, and ex- 
ported extensively to every quarter of the 
lobe. 

’ We propose, in this notice, to confine 
our attention to the system of steel man- 
ufacture as practised in these works, re- 
serving for a future occasion an account 
of the construction of the umbrella frame, 
which has to pass through 100 pairs of 
hands and is the result of remarkably 
delicate and ingenious manipulations; but 
some idea of the extent of this manufac- 
ture may be gathered from the fact that 
the weekly production falls little short of 
50,000 sets of frames. 

The composition of steel is still sur- 
rounded with mystery, but as we so lately 
published a paper upon the subject, its 
consideration here is not necessary. 

The iron used for conversion into steel 
is of Swedish origin, and is received in 
bars 3 in. wide, $ths of an in. thick, and 
about 12 ft. long. These, after being 
straightened so as to lie evenly, are placed 
in the converting furnace, which consists 
of two rectangular vessels, technically 
called “a pair of pots,” made of silicious 
freestone, capable of enduring great heat 
without change ; in dimensions 12 to 14 
ft. long, 3 ft.6 in. wide, and the same 
in depth. They are supported upon a 
depth of 4 ft. of solid masonry, the top 
course being of firebrick, to prevent set- 
tlement, which would crack the pots, ad- 
mit air, and spoil the conversion. Upon 
this masonry are constructed transverse 
or sleeper walls of firebrick, 10 in. thick, 
and 10 in. apart, upon which the pots 
rest, the brick divisions forming flues 
underneath. The pots are placed parallel 
to each other, but 18 in. apart ; the space 
between them is divided into flues, corre- 
sponding with those underneath, extend- 
ing ap the sides and ends of the pots into 
the firebrick wall which covers the whole. 
This vault has an arched opening, or man- 
hole, at each end, for charging the pots 
with iron, or taking out the charge when 
converted into steel. During conver- 
sion they are bricked up and plastered 
with clay. There is also a small opening 
over each pot, through which bars can be 
put. Out of the vault rise 3 chimneys on 
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each side, opening into a large cupola. 
The fire-grate is under the middle flues 
and the whole length of the pots, with a 
strong metal door at each end, kept closely 
shut, except when being charged. Each 
pot has a stratum of charcoal evenly laid 
on the bottom, above which a layer of bars 
is placed, and covered 4 in. deep with 
charcoal; bars and charcoal are thus laid 
alternately until the pot is nearly full, and 
finished off with a thicker covering of 
charcoal over the top. The pots, when 
filled, are covered over with 5 in. of 
“ wheel swarf,” which contains iron and 
steel in minute particles, and, becoming 
partially fused when hot, perfectly protects 
the steel underneath from the action of 
the air. Each furnace has a 5-in. opening 
through the wallsand into the centre of 
one end of the pots, through which 2 or 3 
of the top bars project, the opening being 
filled up with fine ashes, well rammed, to 
exclude the air. The fire, gradually raised 
to great intensity, is kept up for 6 or 8 
days. A furnace holds about 16 tons of 
iron, and is considered to be well worked, 
if 14 to 16 heats are got out in a year. 

When the conversion is supposed to be 
nearly complete, a top bar is drawn, and, 
when cold, is broken; its condition shows 
the state of the whole, and the fire is reg- 
ulated accordingly. Asecond or third bar 
is subsequently drawn, and when the con- 
version is considered to be complete, the 
fire is allowed to go out. In 4 days the 
man-holes are opened to hasten the cool- 
ing, and in 4 more the steel, still hot, can 
be taken out. A full furnace charge is call- 
ed “a heat of steel,” and according to the 
degree of carbonization required, is called 
“a spring heat,” “a cutler’s heat,” “a shear 
heat,” “a file heat,” or “a melting heat.” 
It should be premised that these terms do 
not apply to the “temper ” of the steel, but 
to the length of time in furnace. 

The bars are now broken and sorted by 
experienced workmen into the various 
tempers ; the hardest are laid aside for 
meltirg, and the softer hammered into 
shear or spring steel. Those required for 
shear-steel are broken into lengths of 
about 1 ft.; are next laid upon each other, 
3 or 4 together; then heated in a furnace, 
to “welding heat,” and drawn under the 
hammer to the size intended. It is then 
“single shear” steel. If again broken, 
heated, and hammered, it becomes “ dou- 
ble shear” steel, an extra quality used for 
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best table cutlery, and other first-class 
purposes. Spring steel is made from bars 
passed at a red heat between grooved 
rollers until reduced to the particular size 
required. Shear and spring steel are the 
chief, if not the only qualities manufactur- 
ed direct from the converting furnace. 

We now come to the important process 
of cast steel. 

The invention of cast steel is assigned 
to Benjamin Huntsman, who perfected it 
in 1740, after many experiments, and re- 
peated losses and discouragements. He 
carefully guarded his secret, and for a 
long time with success, till it was discov- 
ered, as it is said, by a rival manufacturer 
disguised as a beggar, after which the 
manufacture soon became general. The 
melting process is as follows: The steel 
is broken into small pieces, and put by 
means of a conical-shaped funnel into 
a melting pot or crucible holding about 
34 lbs., made of a peculiar dark gray clay. 
Before charging the crucibles they are 
gently heated to a red heat on an anneal- 
ing grate, and then placed with covers of 
the sume material upon fireclay stands in 
the melting furnace, and covered with 
coke, till furnace and pots are at a white 
heat. Each furnace holds 24 crucibles. 
These are kept covered by fresh supplies 
of coke as required, till the metal is thor- 
oughly melted, which is known by its clear 
surface and motionless state in the pot. 
When ready, the crucible is taken by tongs 
from the furnace, and the steel is poured 
slowly into moulds prepared for its recep- 
tfn. The moulds can be opened, and the 
ingots taken out, and removed into the 
yard to cool, a few minutes after they have 
been cast. As soon as the pots are empty, 
the lids are put on and then are replaced 
in the furnace, a quantity of coke is put 
in, and the holes are covered. When the 
coke has burned down so as not to be 
higher than the pot lids, a fresh charge of 
steel is put in and the former process is 
repeated for a second and a third time, 
after which new pots are necessary. 

Heath’s process of melting is also adopt- 
ed to a considerable extent in the works. 
This consists in cutting the bars into 
pieces, placing them in the pots with a 
certain amount of charcoal, and when 
brought to a melting heat, sufficient man- 
ganese is added to make the steel welda- 
ble. Steel thus prepared is particularly 
adapted for all purposeswhere soft welding 





is required. In some instances spigeleisen 
is also added as a ready vehicle for im- 
parting the manganese. 

Tool steel, sheet steel, and steel wire are 
the chief classes into which cast steel is 
manufactured. 

For tool steel the best ingots are select- 
ed. The ends of each being broken to 
determine its texture and temper, it is 
heated to a red heat, and drawn under 
the steam hammer to the sizes required, 

For steel wire the ingots are rvughly 
drawn under the hammer into billets,1} 
in. square, and sent to the rolling mill, 
where they are passed at a red heat be- 
tween grooved rollers, and reduced at one 
heating to a } of an in. thick, and from 2 
ft. run out to 70 ft.long. The rapidity of 
the rolls is such that, notwithstanding the 
partial cooling of the steel bylying on the 
floor, during its passage through the rolls 
it becomes re-heated from “ warm red” to 
“bright red” by their action. From the last 
pair of rolls the rods (as they are now call- 
ed) are coiled upon a drum about 26 in. in 
diameter, tied in bundles, and passed to 
the wire mill, where they are subjected to 
an annealing process, and an acid bath, 
and are then drawn through steel plates 
while cold. These operations are repeat- 
ed from 3 to 5 times, according’ to the fine- 
ness of the wire required. The wire used 
for the umbrella frame ranges from 13 to 
15 wire-gauge numbers. For other pur- 
poses any degree of fineness can be ob- 
tained. 

The process of annealing is as follows. 
The wire is placed, coiled, in large quan- 
tities in a cast iron vessel, actual contact 
with which is prevented by the insertion 
of bricks into cast iron ribs. The vessel 
is closed, and very gradually brought with 
its contents to a red heat, at which it re- 
mains from 12 to 15 hours, when it is 
as gradually cooled. 

To produce sheet steel, large quantilies 
of which are demanded for the steel-pen 
trade, the ingot is treated as before, but 
hammered to about 2ths cf an in. thick. 
It is then taken to the rolling mill and 
passed through flat rollers wile at red 
heat, till it is about 22 wire-gauge. In 
this state it is suitable for circular saws, 
and kindred purposes. Itis next subject- 
ed to the annealing process and acid bath, 
and then rolled in a cold state till it be- 
comes hard, or, as it is technically called, 
“dense.” The first annealing will permit 
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the steel to be reduced to 30 wire-gauge. is turned to a variety of uses, such as clock 
The annealing and bathing processes are | and watch springs, children's toys, ete. 
repeated as often as the steel requires| Steel has been rolled at these works to 
softening and cleaning, till the desired | a substance but little, if any, thicker than 
sizes are obtained. This cold-rolled steel | the leaves of this magazine. 





NOTES FROM GERMANY. 


From “ Engineering.” 


THE HODGSON WIRE TRAMWAYS. 
. An Hungarian engineer, Mr. T. Bush, | 
has made some improvements on the | 
Hodgson system of wire tramways by | 
employing two parallel cables instead of | 


For piston rings: 
Brass cuttings 
Copper cuttiugs 


914 per cent. 
6 “ 


COAST PROTECTION BY TORPEDOES. 
Contact and electric torpedoes were 


one. The modified system, it is said, | both employed for the protection of the 
possesses great advantages over the orig- | German coast during the war. The for- 
inal one, especially with regard to the | mer had generally a charge of 82 lbs. of 
carrying of heavy loads, and the greater powder, and were moored about 3 ft. be- 


security of the ropes. 


METAL FOR BEARINGS. 
The following alloy has been found to 


give highly satisfactory results for plum- ' 


mer blocks, axles, brasses, etc. ‘l'o 30 
parts of melted copper are added 70 parts 
of antimony; the mixture is melted and 
run out into thin plates. These are then 
remelted with tin in the proportion of 90 
parts of tin to 10 parts of the copper and 
antimony, and run out again into thin 


plates. When used it is remelted, and | 


run into the form required. M. Volk, of 
Regensburgh, has employed an alloy for 


many years, of which the following are the | 


component parts: Copper, 5.6 per cent. ; 
antimony, 11.2 per cent.; and tin, 83.2| 


| low the surface of the water. The elec- 
| tric torpedoes were loaded with 220 lbs. 
| of duaiin, equivalent to 1,100 lbs. of pow- 
| der, and were fastened 8 ft. below the 
water. The explosion of these was brought 
about by means of batteries placed on tae 
shore, and they were perfectly safe. On 
the other hand the contact torpedoes 
were exceedingly dangerous to handle, 
and three fatal accidents took place in 
lifting them from their positions. In ad- 
dition to the defence torpedo, attempts 
were made to project others beneath the 
| hulls of the hostile vessels, but nothing 
resulted from this application. 


| DYNAMITE IN WELL SINKING. 


: 
In Denmark dynamite has recently 


per cent. He also employs the following | found a novel application, namely, in the 
mixtures to produce metals for various | sinking of artesian wells. During the 


purposes. 


For slide valves: 
81.9 per cent, 
4.8 es 


Copper ...... ni initiates 7. ” 
Old brass tubes 2. - 
Tin . ee - 

For pump barrels, stop-cocks, and valve-boxes: 
87.7 per cent. 
ie 

For stuffing-boxes, valves, etc. : 

Copper 

Zinc..... er erry rt a6... % 

FAB .nccteccce cos osencececs , so 
For eccentric rings: 

Copper 

TEND... co cccccccs voces 


| autumn of last year, some persons sinking 
a well at Gjeddesdal struck upon a very 
hard bed at a depth of 75 ft., which they 
were quite unable to pierce. As there 
| appeared no choice but to abandon the 
work, they ultimately determined to try 
| the experiment of a charge of dyna- 
mite. 
After the bore-hole had been cleared, a 
bottle containing about 2.2 lbs. of dyna- 
| mite was lowered. It was attached to two 
copper wires passed through the stopper 
of the bottle and insulated by gutta-per- 
cha. When the charge was in position, an 
electric spark brought about the explo- 
sion, with the result of a great concussion 
on the surface, and an upward discharge 
of the water which stood in the boring. 
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The hole almost immediately filled with 
water; giving evidence that the obstruc- 
tion had been removed, and the source of 
supply reached. 


Two charges were afterwards fired in a 
similar manner and the sudden rush of 
water left no doubt about the successful 
issue of the experiment. 





ASBESTOS PISTON-ROD PACKING. 


From ‘The Engineer.”’ 


Few engineers who have to do with the 
steam engine are ignorant of the trouble 
which is met with in obtaining a really 
good piston-rod packing. Sound hemp 
properly “laid up,” and copiously lubri- 
cated, makes a tight joint enough for a 
time, especially if the rod is in first rate 
condition; but the period of tightness is 
usually short, and the gland requires con- 
stant screwing up, and much friction re- 
sults which is very prejudicial in small 
engines. If hemp is bad in the case of 
low-pressure engines, it is infinitely worse 
when we have to do with high steam, es- 
pecially if the steam is slightly superheat- 
ed. A process of slow carbonization ap- 
pears to go on, the hemp packing loses its 
elasticity, and becomes nearly useless for 
its intended purpose. All manner of 
schemes have been tried to get over the 
difficulty, combinations of cotton, india- 
rubber, and wire gauze, such, for example, 
as Crickmer’s patent packing, have hither- 
to given on the whole the best results. 
One inventor, indeed, dispenses altogether 
with cotton and rubber, and uses copper 
wire gauze alone. In this case the tight- 
ness of the joint is no doubt secured by 
the presence of water and oil lodged in 
the meshes of the gauze; and we have re- 
ceived very favorable reports from those 
who have tried this packing. It is still 
certain that something better than any- 
thing hitherto in use is required, and we 
have a strong belief that this something 
is supplied by asbestos. 

Asbestos is a mineral fibre consisting of 
silicate of magnesia, silicate of lime, and 
protoxide of iron and manganese. In 
mineralogical parlance, it is a fibrous 
variety of actinolite or tremolite. It exists 
in vast quantities in the United States, also 
in the Tyrol, Hungary, Corsica, Green- 
land, Wales, Cornwall, Banffshire, and in 
the north and eastofIreland. Itis found 
under various forms, from that of soft 
silky fibres to that of a hard block capable 
of taking a polish. As arule, the lumps 








or blocks taken from the vein are easily 
broken up and separated into fibres ex- 
tremely flexible, and elastic in the sense 
that each fibre admits of great extension 
in the direction of its length without con- 
tracting again, greasy to the touch, and 
very strong. The fibres vary in length, 
from a couple of inches to about 2 ft. They 
can easily be spun or woven, if proper 
precautions are used. Furthermore, as- 
bestos is an admirable non-czonductor of 
caloric, and it is practically indestructible 
by heat. All these conditions are just 
those which are required in a material for 
piston-rod packing; and it is therefore 
somewhat strange, that until a very recent 
period no one thought of utilizing asbestos 
for this purpose. The credit of suggesting 
it as a piston-rod packing is due, we be- 
lieve, to Mr. St. John Vincent Day, C. E., 
who read a very interesting paper on 
“ Asbestos, with special reference to its 
use as steam-engine packing,” before the 
Institution of Engineers and Shipbuilders 
in Scotland. The new packing, we learn 
from this paper, was first used in America 
with much success, and it has since been 
tested in this country with results of which 
we shall speak in a moment. In refer- 
ring to the value of the new packing, Mr. 
Day said: “The packing used for piston 
and valve rods, or spindles, has, as we all 
know, three prime elements of destruction 
to contend with, namely, an elevated tem- 
perature, friction, and moisture, and one 
of them only, namely, friction, has any ap- 
preciable effect on asbestos packing when 
the mineral is pure and properly prepared. 
No matter how high the temperature 
of the steam, how rapid the stroke of the 
piston, or how great the pressure of the 
steam, the packing seems to be unaffected 
by those conditions. In America, where 
the new packing was first used, some of it 
was taken from the piston-rod stuffing- 
box of a locomotive engine, after having 
been in, and the engines at constant work, 
for 3 montbs, with steam at 130 lbs. pres- 
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sure per sq. in., and making an average 
daily run of 100 miles, including Sundays; 
and, as you can see by the sample shown, 
the fibre, with the exception of being dis- 
colored by oil and iron, is just as flexible 
and tenacious as origiaally. After having 
been once disintegrated, it appears impos- 
sible to so pack or mat the fibres together 
that they are not easily separable by the 
fingers.” 

Asbestos packing was first used in Great 
Britain by Mr. Benjamin Conner, locomo- 
tive superintendent of the Caledonian 
Railway, and Mr. Day exhibited to the 
members of the Institution the packing of 
a locomotive stuffing-box which had been 
used on that line from the 27th of July, 


1871, to the 18th of November. The en- | 
gine in which it was used has outside | 


cylinders, and single drivers 8 ft. in diam- 
eter. The piston stroke is 2 ft. The 
engine was employed in working the fast- 
est train on the Caledonian line; to wit, 
the 10 a. m. express from Glasgow, reach- 
ing Carlisle at | p. m., with three stops on 


the journey. The best ordinary packing ! 


lasts, under these conditions, 2 months at 
most, rarely so long, and the gland re- 
quires constant screwing up. The asbestos 
packing was apparently as good as when 
it was put in, and the engine had runa 
distance of 2,000 miles in 3 weeks, during 
which the gland screws had never been 
touched. The following letter from Mr. 
Conner to Mr. Day contains valuable testi- 
mony to the excellence of the packing :— 

“ The box herewith contains the asbes- 
tos packing put into a piston-rod stuffing- 
box of one of our main line service pas- 
senger engines on 27th July, and taken 
out on 18th November ; in that time the 
engine had run 14,070 miles. 

“As the packing was put in coiled in- 
stead of being cut into rings, the gland 








was nearly home on 12th September, and 
an additional ring was put in at that date.” 
In the course of the discussion Mr. Con- 
ner stated that: “The advantage of the 
asbestos packing over the soapstone pack- 
ing was, that with the latter, at the high 
temperatures of steam from 125 lbs. to 
130 lbs., the lower portion of the packing 
got thoroughly charred, and another ring 
had to be put in after the first week; so 
that in course of a month the packing had 
almost entirely changed. The asbestos 
packing being practically incombustible 
did not waste; he suggested that the qov- 
ering of the packing should be made of 
incombustible material also. At first he 
had applied it coiled round the piston-rod 
continuously, but he thought it should be 
applied in rings. The inside of the pack- 
ing seemed to him as fresh as when first 
put in. He believed it took less oil to lubri- 
cate the piston-rod, for the oil remained 
on the rod, not being absorbed by the 
packing. It kept the rod beautifully 
polished, more so than with any other 
packing.” 

We think that with such testimony as 
this before us, supported further by that 
of Mr. David Rowan, who spoke to the 
value of asbestos packing for marine en- 
gines, we are fully justified in holding the 
belief that this mineral will supply a way 
out of one of the most troublesome ob- 
stacles to the use of very high-pressure 
steam. There is, furthermore, not the 
slightest chance of the supply being ex- 
hausted; on the contrary, it is likely to 
last as long as our coal-fields. We are 
unable to say at present what the price 
of the asbestos packing is, or where it can 
be obtained. It is, probable, however, 
that when once the value of the material 
as a packing is recognized, its regular 
manufacture in this country will follow. 





UTILIZATION OF COAL DUST. 


From “The Philadelphia Ledger.” 


FRANKLIN InstrTUTE, PHILADELPHIA, 
December 19th, 1871. 

The Committee on Science and the 
Arts constituted by the Franklin Institute 
of the State of Pennsylvania, for the Pro- 
motion of the Mechanic Arts, to whom 
was referred for examination specimens 
of artificial fuel prepared by Mr. E. F. 





Loiseau, of Philadelphia, report that they 
have made trials of the samples produced 
from anthracite and from bituminous coal. 

The mode of manufacture, as related by 
Mr. Loiseau, is as follows : 

1st. Anthracite small coal and dust were 
mixed with (7) seven per cent. of clay, 
and compressed into cylindrical moulds 
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about 43 in. in diameter and 4 in. deep, | The ability of the artificial fuel to bear 
or else into spherical masses, about 3 in. transportation is less than that of anthra- 
in diameter. . cite, or good lump bituminous coals, but 
2d. The moulded masses are placed for | the structure is firmer than that of any 
a few minutes, in a bath of benzine in| bituminous and semi-bituminous coals 
which rosin has been dissolved, and from | that are carried to market. The masses 
which they are removed and dried by an | will generally break up with a fall of 3 ft., 
exposure to a current of air. upon a stone pavement, but are strong 
The object of coating them with a film | enough to bear ordinary handling and 
of rosin is to prevent the absorption of | transportation, and should they become 
moisture and consequent softening of the broken would suffer no damage, unless 
clay; the solution in benzine penetrates exposed to wet. 
the mass of coal and clay to a depth of| The samples of artificial fuel examined 
abgut } of an inch and so efficiently closes | are well adapted for use for purposes in 
the crevices that samples immersed in | which great intensity of combustion is not 
water for 12 hours were found dry in the | desired. 
interior when broken up for examination.| For the production of steam in station- 
Both the anthracite and bituminous ary boilers and for household purposes it 
fuels were burned in a furnace measuring | can be employed equally as well as any 
9 in. in diameter and 7 in. in depth; each | ordinary coal; and whenever the cost of 
variety of fuel burned freely and was com- | preparation is less than the cost of mining 
pletely ashed, but the intensity of the coal, this invention will make available 
combustion was less than that produced | the immense amounts of small coal now 


by anthracite or bituminous coals of small 
size burned in the same furnace. 

These comparisons were made with a 
moderate and also with a strong draft. 

The average amount of ash obtained 
from the anthracite artificial fuel was 16 
per cent., and from the bituminous artifi- 
cial fuel was 18.5 per cent. 

The heating powers as obtained from 
trials in Thompson’s apparatus are as fol- 
lows : 
artificial fnel evapo- 
4.30 Ibs. of water. 
8.50 an 
7.80 
6.76 


One pound of anthracite 
rated “ ee 


“ “e 


‘ec “ se 


“ee 3] “e 


An average of 6.85 

One pound of bituminous artificial fnel evapo- 
tated ” * 9 35 lbs. of water. 

= 11.11 

12.88 

10.61 


“ec “cc 


“oe 7 “ce 


10 90 Ibs. of water. 
7.40 6s 


The average of bituminous is 14.88 Ibs. 
of water. 

The non-uniformity of result is partly 
due to the imperfect manipulation in mix- 
ing the coal and the clay, and partly to 
the varying amounts of solution of rosin 
absorbed in the bath to which the mate- 
rial is subjected. The imperfect manipu- 


An average of 
The anthracite average is 


lation can be remedied by the adoption of | 


proper machinery for that part of the 
process. 


|allowed to remain useless at the col 
mines. It appears to work far better 
than the balls or bricks of coal dust and 
clay and lime that came into vogue in this 
city many years ago, when anthracite was 
brought to market without preparation 
by the coal breaker, which had not then 
been invented, the balls or bricks thus 
made not having the protection from wet 
secured by Mr. Loiseau by his resinous 
coating. 

We consider the method of preparing 
artificial fuel from waste anthracite and 
bituminous coals as presented by Mr. E. 
F. Loiseau, as ingenious and well adapted 
to the purpose, and worthy of the atten- 
tion of those interested in the production 
of a cheap fuel, adapted to a great variety 
of uses. 

Respectfully submitted. Signed, 
Cuartes M. Cresson, 
Wituam H. Wazt, 
Joun WIsz, 


Sub-Committee. 


REMARKS. 
1st, The percentage of ash is larger 
than in ordinary coal, as the clay is not 
consumed; but the other advantages of 
the coal in point of durability, cleanliness 
and cheapness, more than compensate 
this small disadvantage. 
2d. The samples of artificial fuel pre- 
sented to the Franklin Institute to experi- 
ment upon were simply compressed by 
| hand, and could not be made as solid as 
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they will be when compressed by appro- 
priate machinery. 
3d. The cost of manufacture at the 


mines, including the coal and all the ma- 
terial, will not exceed $1 per ton. 
E. F. Lotszav. 





CAR PROPULSION BY PNEUMATIC POWER.* 


By JAMES A. WHITNEY, Mechanical Engineer. 


Long after the success of Stephenson’s 
engines was assured, and the superiority 
of locomotive traction to that of ropes 
actuated from stationary engines fully 
demonstrated, there were not wanting 
projectors and engineers who sought, at 
much cost of invention and money, to 
substitute the now universal mode of rail- 
way propulsion by one in which the travel- 
ing motor should be dispensed with. Nor 
were these without plausible argument, 
nor have their efforts, unfruitful in their 
time, been unproductive of much that 
may be of value now and hereafter. The 
original cost of a locomotive, as compared 
with that of a stationary motive power, is 
approximately as 5 to 1; it requires a fire- 
man as well as an engineer, while an or- 
dinary stationary engine is well cared for 


by a single attendant; it cannot ascend 
steep grades, and in wear and tear is sub- 
ject to rapid and often to dangerous de- 
terioration, even with a degree of atten- 
tion which with most fixed engines and 


steam-generators is unusual. Add to this 
that the economy of fuel is much greater 
with the latter than the former and that 
fuel of poorer quality may be used, and 
there is good reason apparent for the 
numerous plans for transferring the power 
derived from the steam engine by some 
other agency than that of direct connec- 
tion by pitman, crank, and axle. Fore- 
most of the projects has been that of using 
atmospheric air under pressure, which 
has been proposed in many different forms. 
In open country and in direct competi- 


tion with the locomotive system, it came | 


to grief in every instance. This was not 
wholly a result of any engineering or 
mechanical objection—although such were 





periments commonly held to have settled 
the impracticability of the system were 
prosecuted under conditions the most 
favorable to steam locomotion as ordinari- 
ly defined. In the exigencies, however, 
of the present as concerns passenger traf- 
fic in large cities, circumstances are wholly 
changed. On account of noise, of 
smoke, of the frightening of horses, and 
of uncomfortably heating the vehicles in 
summer, steam cannot be used to advan- 
tage on city or street cars; neither, for 
several of the reasons just noted, should 
its use be attempted in tunnels; neither, 
on account of the vibrations incident tc a 
locomotive, should such be allowed on 
elevated ways in which the permanent 
stability of the supporting structure must 
largely depend on the absence of disinte- 
grating causes like that just mentioned, 
and on which the dangers of leaving the 
track, of collisions and the like, would, 
under the stress of crowding of city tran- 
sit, be largely in excess of those expe- 
rienced on common railways. It is ac- 
knowledged that horse-power is already 
inadequate to the needs of New York city 
street railways; the transmission of power 
by wire ropes, as illustrated in the elevated 
railway on Greenwich street, has proved 
a mediocre and insufficient method of pro- 
pulsion; and in pneumatic power alone 
does there appear to be promise sufficient 
to justify the outlay required in thorough- 
ly testing any improved system of propul- 
sion. We use the term improved as distinct 
from the term new, for the plans which 
offer the most of utility are in their essen- 
tial principles quite old, some older than 
the locomotive itself, and the modifica- 
tions which will render them practicable 


not wanting, for a line between Paris and | will, quite likely, be in themselves very 
St. Germain was open to passenger traffic | slight. But the importance of little things 
for a period of 14 years—but on the score! cannot be overestimated in adapting an 
of expense, which was found excessive. engineering principle to actual use. It 

But it must be remembered that the ex- | was the adoption of the grooved rail, 
| permitting the flanges of the car-wheels 
| to keep them on the track while the sur- 
| faces of the latter lay flush with the street 





* Paper read before the New York Society of Practical En- 
ginecring, Jan. 8, 1872. 
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surface so as to offer no impediment to 
ordinary vehicles, that rendered street 
railways practicable. Had it been at- 
tempted to retain the T-rail, the city 
tramways, enabling 2 horses to draw 5 
times as much as the team of an omnibus 
on a Broadway pavement, would not, as 
they have done, gridironed every large 
city in the country, made their way as an 
evidence of American enterprise into the 
capitals of Europe, and trailed their iron 
length along the streets of Stamboul, as 
it is stated they are now about to do. A 
careful working out of the details in the 
apparatus employed, the adaptation of 
one or the other variety of pneumatic pro- 
pelling mechanism to the precise condi- 
tions most favorable to its success, and 
the application of more efficient means 
in the prosecution of the work than was 
possible with the inferior workshop prac- 
tice of 40 years ago, will, we have faith, 
bring about a practical change in city and 
suburban locomotion ultimately valuable 
in every city in the civilized world having 
more than 50,000 inhabitants. To sug- 
gest methods by which, as the writer be- 
lieves, this may be most readily and 
effectually brought about, is the object of 
the present paper. 

Propulsion by pneumatic pressure may 
be properly divided under 3 heads, viz., 
that embracing the driving of a car or 
carrier bodily through a tube, either by 
an air-blast behind it, or by pressure in- 
duced in rear by a partial vacuum in 
front; that in which a piston operated in 
the same manner as in the former, but in 
a tube of smaller diameter, is connected 
to a car running on rails outside; and 
that in which air under compression is 
admitted to engines in lieu of steam, the 
engines being thus actuated to turn the 
wheels of the vehicle by approximate cor- 
nections. In the first, a low pressure 
acting on an area if anything larger than 
the cross-section of the car is used : its 
greatest disadvantage is that, as hitherto 
applied, the car has been projected in 
darkness through a subterrene tube, reli- 
ance being had mainly upon artificial 
illumination. The second requires a com- 
paratively high pressure, acting upon an 
area proportionally smaller than the car 
section, and the cause of its failure after 
long trial was the leaking of the longitudi- 
nal valve, whereby connection was allowed 
between the piston and the car arranged 





externally. The third is simply the use 
of air springs, in which power is stored 
by compression, to be slowly given out as 
the air is passed to and through the en- 
gine cylinders : among the objections at- 
tending its use is the difficulty of main- 
taining a uniform pressure in the supply 
to the engine; but of much more practical 
importance is the liability to freeze, in- 
duced in the engine from the heat rend- 
ered latent by the expansion of the cir. 
These, the just enumerated principal de- 
fects incident to each modification of the 
pneumatic system, do not seem, in either 
case, to be beyond the reach of remedy, 
but in none does the theory or practice 
of such remedy appear to have been pro- 
perly wrought out with special reference 
to the peculiar needs and conditions of 
city passenger transit. 

The several varieties of pneumatic pro- 
pulsion appear to have grown out, as it 
were, one from another, in a kind of na- 
tural sequence. It is 61 years since 
James Medhurst, in England, proposed 
to drive cars by an air-blast through a 
brick tunnel, furnished with longitudinal 
ledges to support the rails upon which 
the car-wheels were to run; it is pre- 
sumed that the air current was to be pro- 
duced by an apparatus similar to the 
blowers used in iron furnaces of that 
time. Fourteen years later, James Val- 
lance patented a plan in which the air 
was to be exhausted in front of the car, 
and from the two it was but a step to 
combine them in such manner as to se- 
cure @ maximum of speed. Apparently 
reflecting upon the evident objections to 
a tunnel railway, Medhurst, in 1827, 17 
years from the date of his first project, 
planned what is really the germ of the 
second sub-system. This comprised a 
tube submerged throughout its length in 
water, and with an opening longitudi- 
nally in its under side, from each edge of 
which flanges projected downward, so 
that a water lute of several inches depth 
was provided to the opening. A piston, 
propelled by atmospheric pressure, was 
to traverse within the tube, and, con- 
nected by a thin metallic blade or bar 
with the train upon the external track 
above, would — the same. The idea, 
impracticable in this form, was taken up by 
Henry Pinkus, who made the longitudi- 
nal opening in the upper part of the tube 
or main, and placed in appropriate rela- 
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tion thereto a flexible rope to serve as a 
valve. As the piston—moved by the 
pressure behind, obtained by the action 
of air-pumps exhausting in front of the 
piston— moved forward, it lifted the rope 
or valve to permit the passage of the co!- 
ter or connection between the car or cars 
outside and the piston within. Although 
the external pressure of the air upon the 
valve was calculated to keep the latter in 
place, it was found to leak badly, and the 
plan amounted to nothing. In 1839, 
Samuel Clegg patented, in England, a 
valve adapted to the longitudinal slot of 
the tube, and remarkable for the inge- 
nious adaptation of its structure to the 
end proposed. The valve was “made of 
a double strap of leather or raw-hide riv- 
eted between two iron plates, the top 
plate wider than the slot or opening, and 
the lower one falling into it when the 
valve was closed, thus completing the 
cylindrical form of the interior of the 
pipe, which had been destroyed by 
the aperture cut in it.” One edge 
of the leather was allowed to rise, 
the other being screwed down firmly to 
the surface of the pipe. The lifting edge 
lay, when closed, against a composition 
of beeswax and tallow, placed on the edge 
adjacent and serving as a solder. The 
leading carriage of the train carried a 
trough filled with burning charcoal, and 
having a blade of copper projecting down- 
ward from it. This blade, being kept con- 
tinnally hot, and coming in contact with 
the valve after the passing of the colter, 
melted the waxy composition, and ce- 
mented the lifting edge of the valve firm- 
ly to its seat, thereby hermetically closing 
the tube to provide for the passage or pro- 
pulsion of the succeeding train. Samuda 
combined with this a method of dividing 
the tube into sections of any desired 
length, and separated from each other by 


- valves. These valves were actuated each 


by contact of the leading car on an exter- 
nal lever connecting with the pivotal 
bearing of the valve. This enabled a va- 
cuum to be maintained separately in each 
section to propel the train its entire 
length, without interference with the 
movement of a train on any adjacent 
section. Means were also provided 
for stopping the car by air cushioned in 
the end of each section on the closure 
of the valve, independent of the move- 
ment of the train. Such was the con- 





struction of the celebrated atmospheric 
railway of 30 years, or thereabouts, ago, 
lines of which were laid, xs previously in- 
timated, in France, between Paris and St. 
Germain, and in Ireland between Kings- 
ton and Dalkey, and which, in one in- 
stance where the leading vehicle of a train 
became accidentally detached, showed 
its capability of propelling a single car at 
the rate of 70 miles an hour. 

The difficulty of keeping the tube or 
main with its longitudinal valve, in per- 
fect working order, having been quite 
manifest in the comparatively successful 
experiments of Clegg and Samuda, and 
much more so in those of Finkus, it was 
natural that some appliance other than 
the valve should be sought for in order to 
communicate pneumatic power from the 
stationary engine to the travelling car. 
It was doubtless this that, in 1844, led 
Pierre Armand Fontainemoreau to pro- 
pose a pipe or main laid lengthwise of the 
track, and either kept filled with air under 
pressure or subjected to the action of an 
air pump tu maintain therein a vacuum 
more or less complete. In the former 
case the main was to be furnished at in- 
tervals with valves opening inwards. The 
locomotive was provided with two cylin- 
ders properly arranged in relation to the 
driving axle, and furnished with devices 
which automatically operated the valves 
in the main to supply the cylinders with 
compressed air, in the same manner as 
those of an ordinary locomotive are sup- 
plied with steam from the boiler. . In the 
event of using a vacuum in the main, the 
action of the engines was simply reversed, 
air being exhausted from in front of the 
pistons, so that the latter would be ope- 
rated by the direct pressure of the atmos- 
phere. So far as we know, no practical 
trial of this was made, but with the addi- 
tion of a tank to receive a supply of com- 
pressed air in lieu of feeding the engines 
direct from the main, Fontainemoreau’s 
plan might stand as the type of one of the 
subdivisions of the third class of pneu- 
matic motors; for this class includes 
three sub-systems—that in which the air 
is compressed in a main extending the 
whole length of the line, and calculated 
to supply the air to the locomotive tank 
automatically and without stopping the 
train; that in which a similar main is 
proposed, but the cars stopped for the 
temporary connection of the tanks; and 
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‘ call : ‘ 
that in which a separate compressing! section was of horse-shoe form, 4 ft. 6 in. 


power and compressed air reservoir is 
provided at every station. The first of 
these, from its theoretical completeness, 
is apt to please the fancy of projectors, 
but, from the extreme accuracy required 
in the fittings, will probably never prove 
practically successful. The second has 
the merit of concentrating the power in 
few places along the route, and of requir- 
ing but a minimum of attendance, but in- 
volves the necessity of keeping an ex- 
tremely great volume of air constantly 
compressed. The third—although mul- 
tiplying the number of engines and reser- 
voirs—will, all things considered, proba- 
bly meet with the most favor when this 
method of storing up power for car pro- 
pulsion is tested as its merits, theoret- 
ically at least, deserve. 

In further reference to each of the three 
classes of pneumatic apparatus sketched 
in the earlier portion of the present paper, 
it is necessary to consider in each the de- 
gree of utility thus far attained with it ; 
the most feasible methods of obviating its 
defects; and the conditions under which 
it may be most advantageously adapted to 
the needs of travel in New York city. For 
whatever, in this line, can be made practi- 
cally successful under the drawbacks en- 
countered in the metropolis, need excite 
no apprehensions of failure in any other 
locality. First in importance, as in the 
date of its original conception, is Med- 
hurst’s earliest scheme, known of late 
years in England as Rammell’s system, 
from its—in recent times—most promi- 
nent advocate, and illustrated in this 
country by that fragmentary undertaking, 
the pneumatic tunnel under Broadway, 
which, with a passenger car running a 
distance of 300 ft., has confirmed, on this 
side of the ocean, the favorable expecta- 
tions induced from Rammell’s experi- 
ments, in 1861, with baggage trucks driven 
a quarter of a mile through a cast-iron 
tube or tunnel of 2 ft. 9 in. in height, and 
a width of 2 ft, 4 in., narrowed at the bot- 
tom to 2 ft.2 in. This line was worked by 
the partial exhaustion of the air in front 
of the car, and, with a pressure behind of 
from 4 to 6 oz. to the square inch, aspeed of 
25 miles an hour was obtained. Four years 
later, the completion of the tunnel from 
Holborn to Eastcn, 1] miles afforded 
opportunity for more complete, definite, 
and decisive trial, This tube in its cross 





high, and 4 ft. across. In lieu of the lon- 
gitudinal shoulders which, in the experi- 
mental line, had been made to do duty for 
rails, common wrought rails were employ- 
ed, fixed upon suitable bed timbers ar- 
ranged lengthwise under them. The goods 
trucks weighed each 14 tons. A train of 
4 trucks with an aggregate weight of 10 
tons was forced through the tube with a 
blowing pressure of 5 or 6 oz. per sq. 
in., or a vacuum equal to about 1 oz. less, 
and this at a speed in no degree inferior 
to that obtained in the previous or purely 
experimental trials. The expense of trans- 
port for freight was found by careful cal- 
culation to be less than 1 penny, or 3 cts. 
per ton per mile, including interest on 
cost of engine, wear and tear, fuel, atten- 
dance, and incidental work in the estab- 
lishment. About the same time another 
trial on alarge scale was m-de with a brick 
tunnel 600 yards long, 9 ft. in height, and 
8 ft.in width. The carriage was fitted 
with a fringe of bristles reaching nearly 
to the brickwork to reduce windage, and 
the 20-ft. fan by which the blast was fur- 
nished was driven by an old locomotive 
engine jacked up, and with belt-wheels 
substituted for its drivers. Only a small 
portion of this line was level ; it had at 
one place a gradient of 1 in 15, and curves 
of only 8 chains radius. The car traversed 
the whole distance in 50 secs., with an at- 
mospheric pressure of 24 oz. to the square 
inch. On the whole, without adverting to 
more extended or more recent trials, it 
may be assumed that, years ago, experience 
demonstrated the feasibility of propelling 
cars through tunnels by atmospheric pres- 
sure at from 20 to 40 miles an hour, while 
theoretically by the use combined of an 
air-blast and vacuum, the probability of 
securing a speed nearly or quite twice as 
great is apparent. But in the running of 
cars for a distance equal to that between 
the upper and lower parts of Manhattan 
Island, numerous details would require to 
be worked out and adjusted to secure the 
practical success of the system. Among 
these would be that of arranging for the 
stoppage of one car or train without inter- 
ference with others in motion along the 
route, and which in the use of a vacuum 
would necessitate the adoption of a plan 
equivalent to the valve-separated sections 
of Clegg and Samuda in their otherwise 
quite different plan. It is true that, by 
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the use of an air-blast, only, a continuous 
line of cars might be propelled by what 
might be termed the air cushion through- 
out the length of the tube, but in the event 
of the stoppage of the foremost on the 
line, danger of collision from those behind 
would be imminent. It is possible that 
modifications of the turnouts applied in 
pneumatic tubes for the transmission of 
parcels could be applied in those for pas- 
senger transit. That of Needham, an 
American invention, brought forward dur- 
ing the past few years, comprised a circuit 
tube, with ends connected at a suitable 
distance apart with the main or transit 
tube, and used in connection with valves 
which shut off, in the space between the 
ends of the circuit tube, a portion some- 
what longer than tle carrier or piston. 
One of the valves was shut in front until 
the carrier, cushioned by the air in front, 
was stopped. The other valve in rear was 
then closed, the blast being thus directed 
through the cireuit tube around the in- 
closed portion of the main tube. The top 
of such portion, hinged for the purpose, 
was then opened to admit access to the 
carrier. With the circuit tube entering 
the main at a slight angle, and with auto- 
matic switch-operating mechanism to shift 
the rails, there seems no good reason to 
doubt that, by means substantially like 
those just detailed, carsinan 8 or 10 ft. 
pneumatic tube could be stopped at sta- 
tions without interfering with the continu- 
ed passage past of cars previously behind 
them in the tube. 

The points to which reference has just 
been had wherein the development of im- 
provements is still required are not so 
abstruse as to leave any doubt as to the 
practicability of securing them, neither 
can there be much doubt as to the condi- 
tions, and the sole conditions, under 
which the system can be applied in New 
York and other cities. That pneumatic 
tunnels of only a few feet diameter, dark 
in spite of gas jets, and damp in spite of 
the ever fresh current of air, are not 
adapted to popular needs and wishes, is 
shown by the fact that the projectors of 
the Broadway Tunnel are already agi- 
tating for the privilege of making a tun- 
nel 30 ft, in width, in which this plan of 
pneumatic propulsion will prove inadmis- 
sible. That its use on the surface is out 
of the question is manifest at a glance, 
There remains then only an elevated rail- 





way as affording an opportunity for its 
use, and with such it would prove supe- 
rior to any other method of propulsion 
yet suggested. Let an elevated pneu- 
matic tube be carried over the buildings 
and cross-streets, sustained on iron sup- 
ports constructed on the principle of a 
suspension bridge over each block ; let 
this tube be of wrought iron for strength 
and lightness ; lined with wood for mod- 
erate warmth and for reduction of friction 
to the air-blast ; glazed throughout its 
length with panes of sufficient size and 
numbers to light it well; furnished with 
turnouts, to enable one car to be stopped 
at every station without interference with 
the others; furnished with electric sig- 
nals automatically actuated by the cars 
themselves, to indicate their approach to 
the stations; and place the working of 
the line, from the lowest duty to the high- 
est, in the hands of educated, careful and 
properly remunerated engineers, and the 
question of quick transit, in one of its 
phases at least, will be solved with great- 
er satisfaction to the public and credit to 
the engineering profession than the most 
ardent advocates of speedy passenger 
travel now dare hope for. The lighting 
of the tube by windows, which would 
constitute a most essential element of 
success, would not, as might at first ap- 
pear, be a matter of much practical diffi- 
culty. Although brittle, glass is compar- 
atively strong, and would resist many 
times the pressure required to be brought 
upon itin working the line. An example, 
apropos in this connection, of the ability 
of glass to resist pressure, was given some 
years since in steam-boiler experiments 
of the Franklin Institute, in which the 
plate-glass window of a boiler withstood 
the pressure until it rose suddenly to 180 
lbs. to the sq. in. 

Allusion has already been made to the 
proposed supersession of the present 
Broadway tunnel of 8 ft. diameter by one 
31 ft, in width, 18 ft, in height, and fur- 
nished with double tracks, In the plans 
made public, no information is given as 
to the motive power proposed, but it is 
manifest that cars running in opposite 
directions could not, unless the tunnel be 
longitudinally partitioned from end to 
end, be propelled by the fan-blast or 
exhaust used in the present experimental 
work. It is hardly likely that the folly of 
wire ropes will be repeated in this case, 
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or that the slow power of horses will be 
used on a railway built at such cost. Lo- 
comotives may be attempted, but their 
employment, because of smoke, foul air, 
and jar to the foundations of buildings, 
should not be tolerated. The motive- 
power for such an underground line is 
not of less importance than the construc- 
tion of the line itself, and the latter 
should, from the first, be calculated with 
especial reference to the former.  Al- 
though the suggestion is not free from 
difficulties, there is good reason for the 
belief that the Clegg and Samuda system, 
a tube with a longitudinal valve-covered 
slot in the top, and an internal piston 
connected with the car running on an ex- 
ternal track, would effectually subserve 
the purpose of transit through such a 
passage way under the streets. During 
the existence of the line between Kings- 
ton and Dalkey, a grogs load of 50 tons 
was at times propelled at a speed of 50 
miles an hour, the gradient being 1 in 
115, the diameter of the main 15 in., the 
vacuum at the greatest equal to 25 in. of 
mercury, and the engine of 100 horse 
power. The leakage of the valve ab- 
sorbed about 10 horse power per mile, or 
80 horse power per section of 3 miles. 
The cost of such a railway, laid on the 
surface, was about $25,000 per mile, at 
the price of labor and material a quarter 
of a century or more ago. The loss of 
power by leakage through the valve ap- 
pears to have amounted to from } to 3 of 
the whole. But this, while serious when 
in direct competition with locomotives, 
would be of minor consequence when the 
great patronage of a New York city rail- 
way warranted unusual outlay, and, as far 
as the ventilation at the tunnel is con- 


cerned, would prove a positive benefit to 
the line, though at the cost of fuel for the 


engine. It must be remembered, too, 
that the valves devised by Clegg and 
other projectors of his time, were, before 
the introduction of india-rubber, a sub- 
stance better than any other adapted to 
such a purpose, There is apparently no 
good reason why a strip of caoutchouc so 
applied as to press laterally over the lon- 
gitudinal opening in the tube, should not 
serve in a much more efficient degree, all 
the functions of the complicated device of 
Clegg and Samuda’s railway. Should it 
prove too slight in tensile strength, a wire 
rope could be imbedded within it, and 





should its yielding power be found insuf- 
ficient, this essential could be increased 
by giving a cellular consistence to the 
material by methods already known. The 
deterioration which would occur from 
contact of oil or grease necessarily used 
for lubrication, would, in the use of India 
rubber as just indicated, require that it 
have cemented upon it a covering of 
leather or the like. 

While there can be no doubt that both 
an elevated and an underground railway, 
properly constructed, will meet with the 
most extended and profitable patronage 
from the citizens of New York, there is no 
reason to suppose that the surface lines 
will ever be given up, and on them some 
motive power other than horses or steam 
should be provided. Of the several sys- 
tems of pneumatic propulsion, that which 
embraces tanks of compressed air, serving 
in lieu of steam in the driving of engine 
pistons, is the only one adapted to the 
purpose. A number of trials have been 
made during the past few years with al- 
leged satisfactory results, but it is doubt- 
ful if the chief obstacles to its employ- 
ment at all seasons of the year have been 
overcome. Among recent inventions de- 
signed to increase the utility of the sys- 
tem is one in which the tanks are to be 
made of paper, obviously to prevent as 
far as possible the loss of power by radi- 
ation of heat generated from the com- 
pression of air in the tanks; another 
covers the use of a number of cylinders 
connected by tubes to form together the 
compressed air reservoir of the car, and 
which admits of a more convenient ar- 
rangement of, as well as greater strength 
in, such reservoir. The inventor of this 
also claims the combination with the heat- 
ing apparatus of the car of a conducting 
pipe from the reservoir in such a way 
that the compressed air, while passing to 
the engine, may be heated to increase its 
expansive power, while still another fea- 
ture of his apparatus is a muffler or box 
lined with soft fibrous material, to receive 
the exhaust from the engine and deaden 
its sound. 

The plan of making the reservoir of non- 
conducting material might possess a cer- 
tain advantage if the air could be used as 
soon as compressed, or before time for 
any considerable radiation has peen af- 
forded, The arrangement of the air-hold- 
ing cylinders in connection with each 





SWISS METHOD OF DRIVING PILES. 





other would afford in some cases a source 
of convenience, but would not be essential 
to the arrangement of the cylinders with 
regard to economy of space, as the cylin- 
ders might, in succession, be brought in 
communication with the engines. The 
need of the muffler seems doubtful, and, 
as the air could hardly leave the cylinders 
quite reduced to atmospheric pressure, it 
would probably be much better to throw 
the exhaust into the car-heating furnace 
in winter to urge the blast, and in summer 
into the body of the car to cool the atmos- 
phere therein. The heating of the com- 
pressed air to increase its power of expan- 
sion would be likely to be of advantage 
only when incidentally incurred in pro- 
tecting the cylinders from the congelation 
of vapor contained in the air, and liable 
to be frozen by the absorption of heat by 
the expansion of the air in working the 
engine. To this end, it would be advisable 
to arrange the cylinders within annular 
jackets in open communication with the 
furnace used for warming the car, and 
which should be constructed with especial 
reference to this use in connection with 
the driving motor. This last should fuar- 
thermore be so applied in connection with 
the brakes, that the throw of a lever would 
instantly turn the pneumatic power from 
the propulsion of the car to its stoppage, 
which, by this means, could probably be 
accomplished in less time and within 
a shorter space than could be done with 
horses at an equal speed. Thereisin ad- 
dition to those just specified another point 
which is now beginning to attract the at- 





tention it deserves, viz., the regulation of 
the inflow of air to the cylinders. This 
has been accomplished, it is claimed, by 
very simple devices, and, indeed, the me- 
chanism need not be complex, for the con- 
nection of the stem of a pressure-gauge 
with a valve governing the size of the 
cylinder inlet-ports would seem to fully 
embrace the principle of an efficient device 
for the purpose. 

The elements enumerated as essential 
to the success of the system will necessi- 
tate the construction of a street car radi- 
cally different from those now in use, 
especially in the matter of weight. But 
there should be no difficulty in reducing 
the weight of the car, so as not to ex- 
ceed, with its engines and reservoir, 9,000 
lbs., the weight of the clumsy vehicles 
that now traverse the tramways of New 
York. 

In conclusion, such in brief are the ideas 
of the writer on the most important appli- 
cation yet suggested of so-called pneumatic 
power. As to how far they will ever reach 
fruition in the solution of the vexed ques- 
tion of city transit, it is impossible to say. 
But they have been deduced, without ref- 
erence to any especial plan or theory, from 
the actual results of recorded practice, not 
less than from the well-known laws of 
science, and have led him to believe that 
passengers may be cheaply carried to and 
from the City Hall at from 20 to 40 miles 
an hour with all the comfort of ordinary 
railways, and none of the dangers or in- 
conveniences incident to the employment 
of locomotives. 





SWISS METHOD OF DRIVING PILES. 


From Professional Papers of the Corps of Royal Engineers, 


During a tour in Switzerland, the fol- 
lowing method of driving piles was seen 
being successfully employed at the town 
of Visp, after an inundation cf the river 
of the same name. 

The inhabitants required a bridge over 
a rapid and shallow river of about 5 or 6 
ft. in depth, and 80 to 100 yards in width. 
Moreover, as traffic was suspended until 
the bridge was completed, celerity was of 
the utmost importance. 

The kottom of the river was composed 
of stones and fine sandy silt, such as is 
generally washed dcwn from the Swiss 





mountains during heavy rains. A bridge 
on small piles was adopted as a temporary 
plan to restore the diligence route during 
the repair of the old retaining wall of the 
river. The method of driving the piles, 
which was new to me, seemed so efficient 
that I reported upon it to Major-General 
Sir John Simmons, C.B., R.E., on my re- 
turn to England. 

The piles used were about 12 ft. long, 
and 5 in. in diameter; the bottom of the 
pile was merely pointed, and was not shod 
with iron, neither was the top protected 
with a ring or other contrivance to pre- 
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vent the pile splitting. A j in. hole, about 
9 in. long, was bored in the top of the pile, 
and a j in. iron bar, 6 or 7 ft. long, was 
driven into this hole, and acted asa guide 
bar on which the monkey slid. The 
monkey consisted of a piece of round 
oak, about 10 in. in diameter, and 30 in. 
long. 

It had a strong bond ring at each end, 
and through its central axis was an inch 
hole from end to end, in which a guide 
bar could easily slide. 

There were four bent handles of bent 
ash, projecting from the body in the are 


of a circle, aud fixed to it under the bond | 


rings. There were also some smaller 
monkeys with only three handles. 

The men who worked the monkey 
stood round it, and worked it vertically, 
taking time from the leading hand, who 
gave a lusty shout when they were to 
heave; after lifting it as high as they could, 
they assisted the fall by a strong vertical 
downward pull. Sir John Simmons al- 
lowed me to make some experiments in 
the fieldworks at Chatham, and to forma 
pile bridge, by driving the piles in the 
manner above described. The monkey 
used consisted of a piece of round oak 
94 in. in diameter, and 3 ft. 6 in. long, and 
it had a central hole 24 in. in diameter, 
bored from end to end, and then burnt 
out to get a smooth surface. 

It had four handles, made of ? in. round 
iron ; they were flattened out at the ends, 
and ahole made through the flattened 
pert, by which a wood screw fastened the 

andle to the monkey, the wood being 


slightly cut away at that part, and the 
outer part of the handle thus brought 
flush with the surface ; a shoulder, how- 
ever, was left on the handle to butt against 


the bond rings. The bond rings were 
made of ;% in. iron, and were 2 in. broad. 
They were shrunk on after the handles 
were attached. Much difficulty was found 
in making the wooden handles stand the 
shock of the concussion ; but after iron 
handles, as described, were used, no fur- 
ther trouble was met with. As the ? in. 
handles were rather small for the hand, 
they were served with spun yarn. 

I was anxious to devise some method 
by which the platform, upon which the 
men who worked the monkey stood, 
should be fixed to and supported by the 
pile itself, so that their dead weight should 
push the pile deeper after the blow had 





moved it and disturbed the mud and earth 
surrounding it. 

I tried several plans, and when j in. 
iron plate can be procured, and a forge 
and a good smith are at hand, the best 
seemed to be as follows :— 

The platform itself was of wood, form- 
ed of planks and battens; it should be 
circular in shape, and should have a cen- 
tral hole large enough to take the largest 
pile that is to be driven, 

This was supported on two clips of iron 
which were cut out of } in. plate, bent to 
a right angle, and again bent at the cen- 
tre to receive the pile ; two of these were 
then riveted together by similar arms to 
form one clip, the other two arms being 
drilled with suitable holes for screw bolts 
which attached the two clips firmly to- , 
gether, and caused them to grip the pile. 

When the platform was about 15 in. 
below the top of the pile, the men could 
work with the greatest force. 

Should there be no forge at hand, the 
following method can be resorted to if 
the piles have not to be driven toa great- 
er depth than 4 or 5 ft. 

Two planks 20 ft. long, 3 in. thick and 12 
in. broad, hadeach ahole bored through the 
centreata distance of 1ft.7 in. fromthe ends 
and a diamond-shaped jaw 9 in. long and 
5 in. broad, was made at a distance of 2 
ft. 2 in. from one end; the ends of the 
planks were connected together by 4 turns 
of No. 8 iron wire, which passed through 
the holes at the ends near the jaws; the 
other ends were connected by a lashing 
after the planks had been lifted over, and 
their jaws had embraced the top of the 
pile to be driven. In order to prevent 
the planks slipping down the pile, a lash- 
ing was tied around the latter about 15 
in. from the top, and some strong iron 
spikes driven in below the lashing ; and 
to prevent the.planks toppling sideways, an 
iron hanger was made. This could be re- 
placed with wire or small strong rope 
from the pile top to the outside of the 
planks, where it could be fastened to a 
projecting batten, or to spikes suitably 
placed. 

The plan that seems the best for bring- 
ing the piles into position is as follows: 
The length of bay should not exceed 10 
ft., and it is easier to work with a bay of 
8 ft. Two strong poles about 20 ft. long 
and 5 in. in diameter, are bolted together 
at one end about 7 in. apart ; they are 
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then lashed down to the last bay ; 2| The nature of the bottom in which the 


planks are laid on them and the pile taken ! 

out point foremost and dropped into its | 
place. A small cross piece is then lashed | 
on the ends of the spars to prevent the 
pile falling outwards. The iron clamp 
and circular platform, or the plank plat- 
form, is then put on, and the guide rod 
and monkey brought out and placed on 
the pile by two men ; the remainder then 
follow, and the pile is driven until the 
bottom of the platform is brought down to 
the poles. The driving party “then come 
iu, bringing with them the monkey and 
guide rod ; the platform is next brought 
in, and the transom and rod-bearers are 
duly lashed in their places. 

Expertuents. — \ Norton’s tube-well was 
driven 14 ft. in less than half an hour. 

Short piles, 6 in. diameter, were driven 
in hard ground at the rate of 18 in. per 
min., a platform clamped to the piles be- 
ing used to carry the driving party of 
four men. 

A pile bridge 90 ft. long and 10 ft. wide 
with bays 12 ft. or 13 ft. long, was made 





by 10 sappers in 41 hours of actual work. 

The average weight of each pile was from | 
90 to 100 Lus., average diameter 6 in. top | 
and 4 in. bottom, average length 20 ft. 


| piles were driven, was 12 in. of mud, and 
a thick layer of ‘gravel. The weight of 
the monkey being a little more than 1 ewt., 
it will be seen that the piles were rather 
heavy ; nevertheless they were driven at 
an average rate of 1 ft. in 4 or 5 min., and 
sometimes as fast as 6 in. per min. 

Sir John Simmons proposed that a 
lengthening tube of Norton’s tube-well 
should be used as the guide bar ; it was 
tried, and answered the purpose admira- 
bly. It was found to be important that 
the hole bored in the top of the piles to 
take the guide bar should be quite vertical 
when the pile was being driven, otherwise 
the friction between the monkey and the 
bar was apt to pull the latter out of the 
hole. 

It was found that there was no necessi- 
ty to bind the tops of the piles to prevent 
them from splitting. 

The men preferred working on the plat- 
form with iron clips, as they had more 
room and a more stable footing ; with the 
plank platform, also, some difficulty was 
experienced in lifting the heavy plenks 
over the head of the pile. The time ne- 
cessary to get them into position was near- 
ly the same. 





STEAM ENGINE CYLINDERS. 


From “ The Engineer.” 


The correspondence which has recently 
appeared in our pages on the subject of 
jacketed cylinders affords ample proof 
that much has yet to be learned about 
steam engines even by otherwise able and 
competent engineers. Any one favored 
with opportunities for acquiring informa- 
tion concerning what is being done by the 
most successful firms, will soon discover 
if he think proper, that even when excel- 
lent results are obtained as regards 
economy of fuel, they are but too often 
got by the application of the rule-of-thumb 
system to in one sense very recondite 
problems. It was discovered as far back 
as Watt’s time, that by keeping a cylinder 
hot, less fuel was required to do a given 
amount of work than sufficed when the 
cylinder was cooled down by sending in- 
jection water directly into it. The sepa- 
rate condenser got rid of the injection 








water; but it was soon perceived that this 


was not enough, and the steam jacket was 
added with advantage. Almost every en- 
gineer knows nowadays that a cylinder 
should be kept as hot as possible; but 
very few makers of steam engines under- 
stand the precise reasons why a cylinder 
should be kept hot. If questioned on the 
point, they say glibly enough: “If you 
don’t keep it hot the steam is condensed 
and wasted;” but in almost all cases the 
belief is held that the dreaded condensa- 
tion takes place by conduction through 
the substance of the cylinder to the out- 
side. Of course there are men who know 
better, but we are not speaking now of 
particular firms, but of the great mass of 
engine makers, wo, if they used jackets 
at all, use them with but a dim glim- 
mering of an idea concerning the prin- 
ciples on which they operate for good. 
We have explained and re-explained 
the action of the steam jacket and the 
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phenomena which occur within a cyl- 
inder, we hope with benefit to some 
individuals; but it is none the less certain 
that we may now treat the subject from a 
slightly different point of view without 
saying something that every one is sure 
to know all about beforehand. 


Let us see how much steam it is possi- | 3 


ble to lose by leaving a cylinder and its 
appurtenances absolutely unclothed. We 
may for practical purposes regard the 
cylinder under such circumstances as an 
air surface condenser. Peclet, our great 
authority on these questions, shows that 
if a current of air at 59 deg. Fahr. be 
suffered to flow over cast-iron tubes, 
steam will be condensed within them at 
the rate of 0.36 lbs. per sq. ft. per 
hour. The cylinder of a steam engine is 
a tube, and air circulates round it because, 
being warmed by the heated metal, it con- 
tinually rises aud is replaced. Now a 
fairly good engine will give one horse 
power indicated for every 30 lbs. of steam 
passing through it per hour. On Peclet’s 
data, the quantity of surface required 
to condense 30 lbs. of steam per hour 
would be 10.8 sq. ft. Tobe on the safe 
side, however, and to eliminate fractions, 
we shall suppose that every 10 ft. of un- 
clothed surface represent a loss of 1- 
horse-power indicated per hour. Let us 
see how this fact will apply in practice. 
The cylinder of an 8-horse portable en- 
gine is, we will say, 9 in. diameter. The 
piston stroke is 14in. Then the surface 
exposed by the cylinder, valve chest, lids, 
etc., will not be far short of 6 sq. ft. The 
loss incurred therefore by not clothing 
the cylinder as far as external cooling is 
concerned, will amount to about .6 of a 
horse-power per hour, and this loss will 
be approximately constant whatever the 
weight of steam passed through the en- 
gine. As, however, .6 of a horse-power 
bears an appreciable proportion to the 
power likely to be developed in such a 
cylinder, it is worth while to lag the 
cylinder carefully, by which the loss will 
be reduced to a mere nothing. Let us 
turn now to an engine of, say, 250-horse 
power nominal. We shall allow as before 
10 circular inches of péston per nominal 
horse. In other words, the cylinder will 
have a diameter of 56.5 in. nearly. Let 
the stroke be 8 ft., a common proportion. 
The cooling surface of such a cylinder 
with its appurtenances would be about 





170 sq. ft., which would suffice to con- 
dense about 17 horse power of steam per 
hour. If the engine indicated 500-horse 
power the loss would therefore be very 
nearly ,';th of the whole work done. If 
the portable engine worked up to 16- 
horse power, the loss would be nearly 
th. It is more probable, however, 
that the large engine is worked to 
three times, than it is that the portable 
would be worked to twice its nominal 
power. It is evident, in any case, that 
small cylinders require to be more care- 
fully clothed than large cylinders. Cloth- 
ed or unclothed, however, no conceivable 
theory based on the passage of heat to the 
outside of the cylinder will account for 
the enormous condensation which takes 
place in unjacketed engines expanding 
steam more than two or three times. 

We have before now shown that if it 
were possible to construct a cylinder of 
perfectly non-conducting materials, we 
should have the nearest possible approach 
to a perfect steam engine. The tempera- 
ture of the cylinder would have no effect 
whatever on the steam, if the metal were 
absolutely incapable of absorbing heat. 
The action in such a cylinder would be as 
follows:—Saturated steam would enter 
from the boiler at the beginning of each 
stroke. As work was performed a portion 
of the steam would be condensed, and as 
expansion proceeded the temperature of 
the steam would fall, but no condensation 
would take place, as a consequeuce of ex- 
pansion alone ; on the contrary, as the 
total heat of steam slightly augments with 
each rise in pressure, steam, when suffer- 
ed toexpand without doing work, becomes 
sensibly superheated. As, however, in 
the case under consideration, condensa- 
tion would take place, because the loss 
due to the performance of work greatly 
exceeds the trifling gain proper to expan- 
sion, it follows that a small quantity of 
water would probably be deposited on 
the sides of the cylinder, piston, etc., but 
not much, because the condensation pro- 
per to the performance of work taking 
place through the whole body of the 
steam, the water would be held in suspen- 
sion and carried off to the condenser. 
The indicator curve would be lower than 
that proper to Marriotte’s law by an 
amount measured by the condensation 
and consequent reduction in the volume 
of steam, caused by the performance of 
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work. At the end of the stroke the steam 
would rush to the condenser, but no re- 
evaporation of water deposited on the 
sides of the cylinder would take place 
other than that proper to the sensible heat 
of the deposited mo:sture. When the re- 
turn stroke was complete, and steam was 
admitted for the second time, it would 
find the cylinder in precisely the same 
condition as at first; there would be no 
condensation due to cold surfaces, and so 
the process would proceed, and the maxi- 
mum economical result would be obtained. 
Now, in practice, it is impossible to obtain 
a cylinder which is an absolute non-ab- 
sorbent of heat, but we can bring the 
metal of which it is composed to such a 
condition, that it may be regarded as per- 
fectly neutral. It is well known that 
when two bodies have exactly the same 
temperature, no interchange of heat will 
take place between them. If,. therefore, 
we heat the cylinder to precisely the same 
temperature as the entering steam, no 
condensation will take place. The metal 


may be regarded as neutral, and the action 
will be just the same as that ina perfectly 
non-conducting and non-absorbing cylin- 


der. We can reduce the cylinder to this 
condition by the application of a jacket. 
If the engine worked without expansion, 
no transference of heat from the jacket to 
the cylinder would take place, except that 
due, first, to the fact that the steam with- 
in the cy'inder would fall a little in tem- 
perature owing to the performsnce of 
work—and even this effect would probably 
only take place because it is impossible to 
work an engine without cutting off com- 
munication with the boiler before the 
stroke is complete ; and, secondly, because 


the cylinder, being opened to the conden- | 


ser at the end of the stroke, its inner sur- 
face would be made cooler than its 
outer surface ; consequently heat would 
be transmitted to the condenser from 
the jacket. If, however, the interior of 
the cylinder were quite dry—as it ought 
to be—the loss from this cause would be 
very small. It is certain, however, that 
a considerable quantity of steam is con- 
densed in all jackets beyond that which 
can be accounted for by the work done ; 
and this is no doubt due to the fact that 
the metal of the cylinder is kept, necessa- 
rily, at a temperature intermediate be- 
tween that of the jacket and that of the 


condenser, though nearer to the former ' 
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than the latter. Just at the end of the 
stroke the inner surface of metal is so far 
cooled down that even when the jacket is 
used a smali quantity of steam just en- 
tering is condensed. Thisis not re-evap- 
orated until near the end of the stroke, 
and then it is done at the expense of the 
steam in the jacket, and it acts especially 
injuriously in that it wets the steam flow- 
ing to the condenser, and thereby renders 
it a good conductor. It must not be for- 
gotten that heat takes some little time to 
traverse the sides of the cylinder. It is 
quite possible, therefore, that a sudden 
rush of wet steam at the opening cf the 
exhaust may reduce the temperature of 
the inside face of the cylinder very con- 
siderably, and before heat can reach this 
surface again from the jacket, the steam 
port opens, and the fresh steam comes at 
once in contact with a surface some de- 
grees colder than itself. Water is depos- 
ited, and has to be re-evaporated at the 
expense of the jacket, and so represents 
a dead loss, in that it has been twice 
evaporated and done work but once. 
From this it appears, first, that the sides 
of the cylinder should be made as thin as 
possible ; and, secondly, that they should 
be of good conducting material. It may 
be urged that, under these conditions, the 
condensation in the jacket will be increas- 
ed because of the influence of the con- 
denser during the exhaust; but this 
argument has no force. If we but keep 
the exhausting steam and the sides of the 
cylinder, etc., dry, there will be no sensi- 
ble loss. Experience has proved that 
practically no condensation occurs in a 
jacket when the engine is kept standing 
for long periods at the end of its stroke, 
communication being freely open between 
the cylinder and a condenser holding a 
good vacuum. Paradoxical as it may 
seem, the best way to prevent useless con- 
densation is, as we have said, to make 
the material of the cylinder as thin as 
practicable and of the best possible con- 
ductor. 

There is a practical objection to the use 
of the jacket to which we have not yet re- 
ferred. High-pressure steam, especially 
if quite dry, appears to exert a peculiar 
solvent effect on cast iron. Already we 
hear rumors in numerous directions of the 
1apid wear of the high-pressure cylinders 
of compound engines, an evil which grows 
in proportion with each augmentation of 
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the weight of the casting. It appears to 
be fortunate that the remedy for this evil 
affords the best possible method of ap- 
plying the true theory of the jacket in 
practice. In certain cases the jacket is 
made by putting a thin steel tube into a 
cast iron cylinder bored ont to receive 
it. The Reading Works Company have 
brought this system of construction to 
great perfection, for example, with excel- 
lent results. How far the scheme is ap- 
plicable to marine engines we are unable 
tosay. We suggest that, especially in ma- 
rine engines, instead of steel—notably an 
uncertain material—hard brass, or, more 
strictly speaking, gun-metal liners should 





be used for the high-pressure cylinders. 
Properly made the material is much hard- 
er than cast iron, and will take a beauti- 
ful surface ; while the materia] being an 
excellent conductor, would comply with 
one of the fundamental conditions of 
eminent success in using the jacket. The 
idea is a mere extension of the system of 
lining air pumps. We do not claim it as 
original, but we believe this is the first 
time the scheme has been mentioned in 
any journal; and it appears to us to be 
well worth the consideration of engineers 
engaged in the construction of large 
steam engines working with considerable 
pressure. 





THE LIVING FORCE OF COMPRESSED AIR. 


By Mr. PERRIGAULT. 
Translated from ‘* Les Mondes.’’ 


The velocity of a jet of condensed air 
escaping from the base of a fan is deter- 
mined by means of the formula 


v= V2gh; 


wv being the velocity, and h the height ob- 
tained by dividing the effective pressure 
P by the density d@’ of condensed air, de- 
duced from the pressure in the reser- 
voir. 

But if the formula d’ A or 4 m v’ is 
employed in determining the living force 
of a cubic metre, we get only the measure 
of the living force produced by a non- 
elastic fluid of density d’, without finding 
the value due to the elasticity of com- 
pressed air. 

To determine the total mechanical ef- 
fect, we must employ another height, H, 


equal to G d being the density of air 


before compression, under the hypo- 
thesis that the work is effected without 
any loss of the heat generated by the 
condensation. 

Suppose, for example, we take 1 cubic 
metre of air at the temperature of 112°, 
25 —112, 25 d = 1*.293 & 1 —0,003665-+- 
= 1*,822. 

We condense the cubic metre to 2,994 
atm absolute. In this condition it would 
equilibrate a column of water 20600 m/m 
high. 


a _ = 11306 metres 





The number of heat-units produced, ad- 
mitting that the mechanical equivalent of 
a unit is 425 kilogrammetres is 

11306 
425 
The increase of temperature, supposing 
that 0°,237 raises 1 kilogramme of air 1 
deg., is 


= 48° 47. 


48°.47 
0,237 X 1,822 
The volume under pressure becomes 


1x 1+ 0,003665 x 112°.25 
2,994 
The cubic metre of this air, so con- 
densed, would be composed of 2 cubic 
metres 123 litres of non-condensed air at 
the temperature—112°,25 ; and the den- 
sity would be 
2,822 2,123 = 34,87, 


Finally, the total work stored up in one 
cubic metre before compression would be 
Tr= Hd; after compression, T rH d’. 

I have made use of this high pressure 
of 1,994 at m., a pressure not realized in 
fans, in order to compare the results of 
the above calculation with those obtained 
by M. Tresca in the remarkable experi- 
ments made by him. 

On the 12th February, 1865, he con- 
densed air in a condenser of the capa- 
city of 3 mc. 208 litres. The effective 
pressure was 1,994 at m., or 20,600 mm. of 


= 112°.25. 


= 0,471 litres. 
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water, and the temperature after com- lif the expansion had been 20,600, the tem- 
pression was zero. He allowed the con- | perature would have been 112°,02. 

densed air to escape by opening a valve | _ Is it possible to justify a method of cal- 
10 times, keeping it open a very short culation by a more confirming expe- 


time, generally about 5 sec. At each dis- | rience? 
charge he restored the temperature. 

Before the first discharge the mono- 
meter indicated a pressure of 2,275.51 of 
mercury ; and after the last discharge, 
0,823.90 m. 

The useful expansion was, therefore, 
1451.61 m. of mercury, or 19,730 mm. of 
water, the total pressure reading 20,600. 

The temperature rose to 102°,18. But 
it was remarked that during the time of 
each discharge the reservoir imparted to 
the air contained in it an appreciable 


quantity of heat, and that this emission | a 


would diminish 5 per cent. the lowering 
of temperature, which, under these cir- 
cumstances would have reached 107°,289. 

The deusity of the compressed air was 
3.87 k. The cooling being proportional 
to the pressure, we can determine the 
fall if the expansion were equal to the 
atmospheric tension, by means of the pro- 
portion 19,730 mm. of water : 107°,289 : : 
20,600 : e=112°,02. Let us now compare 
the results of our calculation with those 
of M. Tresca. Proceeding in an inverse 
manuer, we take air compressed at 1,994 
at m. and allow it to expand. The origi- 
nal temperature was 107°,289 for an ex- 
pansion of 10,730 mm. of water. Hence, 


The first consequence is that the me- 
chanical equivalent of heat appears to be 
precisely 425 k. X m. F 

The second, is that a cubic metre of air 
at any density, when compressed to a ten- 
sion P measured in mm. of water, will 
develop = heat units, and that its tem- 

oO 
perature will rise from = . degrees 1 
heat units. The work stored up will be 


The living force of a cubic foot of air 


compressed by a column of water will be 
equal in kilogrammes to the number of 
millimetres of the column which is the 
measure of compression for a cubic metre, 
measured before compression. 

Hd expresses the total work of the jet 
of a cubic metre condensed, measured 
before compression. 

H d’, after the compression. 

h da, and h d’, are the work without ex- 
pansion. 

The expansion of a jet of air, or the 
dynamic expansion, is H d’' — hd’ meas- 
ured at the bottom of the fan. This 





differs essentially from the expansion in 
the air. 





CHARLES BABBAGE, PHILOSOPHER. 


From “The American Exchange and Review,”” 


**Lonpon, Oct. 21. 1871.—Chorles Babbage, mathematician and philosophical mechanist, and author of several mathematical 


works, diced yesterday, aged 79 years,” - 


When we read in our morning paper 
the above despatch by the Atlantic cable, 
a host of impressive memories rose to 
our mind, and have been haunting us ever 
since. For, from boyhood to the 
present day, the wonderful works of this 
man have had for us a fascination and a 
delight. 
as of a much prized old friend, and we feel 
almost a sense of personal loss at his death, 
a feeling intensified by the knowledge that 
it is rare to find thought so clear and pro- 
found as his, united with such skill in em- 
bodying its results in useful art. 

He was not well known to the present 
generation ; but 30 years ago, Babbage’s 


| calculating machine was an object of in- 
terest to the ingenious and of curiosity to 
| the uningenious of both continents. That 
this interest and this curiosity have now 
almost died out, that frequent newspaper 
items no longer stimulate them, that the 
incomplete machine itself rests in unno- 


We have come to think of him | ticed obscurity—these things, we believe, 


indicate not that his inventions were use- 
less, only that they have not been properly 
used. This we shall make some attempt 
to explain. 

The calculating machine was intended 
to construct mathematical tables. To most 
readers this may seem of comparatively 
little moment in a practical point of view. 
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‘Those who are unaccustomed to use tables' and they are beginning to swarm in 


| 


cannot form any adequate idea of their 
value. They know tbat there are such 
‘things as tables of logarithms, and of sines, 


chemistry and meteorology. Considering, 
then, the infinite number of delicate con- 
nections which we can trace between the 


tangents, and secants; they may have | theoretical and the practical in our pro- 
earned how to use them at school, but | gressive civilization, and the infinite fur- 
‘they do not regard them as having any| ther number whose existence we have 
relation to their every-day lives; they do | reason to infer. though we cannot perceive 


‘not know how intimately they are inter- 
woven with our houses and furniture, our 
clothing and food. Yet in so far as any 
_of these things depend on commerce, there 
is the most direct connection. The navi- 
gator determines his longitude by obser- 
‘vations of the moon’s distances from the 
sun, the principal planets, and certain 
conspicuous fixed stars. Long and labori- 
ously calculated tables tell him the posi- 
‘tions of these stars at Greenwich ; and 
‘then, by certain calculations involving 
‘several other tables, he infers his own po- 
sition and can tell how to direct his 
course. No less than ten numerical tables 
peculiar to each star are required to pre- 
. dict its exact position; and asthe mariner 
is furnished with tables for 100 such stars, 
1,000 such tables are constructed. These 
100 stars, however, are not as many as 
could be desired, considering the wide 
‘range of the moon through the heavens, 
particularly as an accurate method of de- 
termining the longitude consists in ob- 
-serving the occultation of a star by the 
dark edge of the moon. There are at least 
1,000 stars so situated as to be at some 
time in the moon’s path, and to exhibit 
these desirable occultations. To predict 
these all would require 10,000 tables. The 
stars from which lunar distances may be 
taken are still more numerous. It may 
‘safely be said that the nautical almanac 
does not now furnish more than a small 
fraction of that aid to navigation which it 
.might be made to supply with greater 
facility and accuracy in tbe construction 
of tables. We have mentioned here only 
-one class of its tables. There are others 
.of almost equal extent and importance. 
_And when we leave navigation and come 
to surveying, mining, engineering, and in 
fact almost every department of commerce 
and the useful arts, the number of tables 
required swells to formidable proportions. 
Still more is this the case in more purely 
theoretical science. In astronomy their 
name is legion; as natural philosophy ap- 
proaches perfection, they enter into its 





it, we may form an estimate of the high 
importance of having these tables readily 
and accurately calculated. 

We say accurately as well as readily, 
for the human mind is unreliable as well 
as tedious. Nothing but the unerring 
motion of well made machinery can be 
trusted. Civilized governments have ex- 
pended millions of dollars in employing 
the highest mathematical talent for the 
construction of the most important tables, 
yet hundreds of errors have crept into 
the best of them. Mr. Baily detected 
more than 500 in the solar and lunar ta- 
ble from which the English nautical alma- 
nac had been for a long time computed. 
Another mathematician detected 1,000 in 
some tables published by the Board of 
Longitude for finding the iatitude and 
longitude at sea. In a mere multiplica- 
tion table extending to 100 times 1,000, 
computed by Dr. Hutton for the same 
board, a single page was found to contain 
40 errors. And some tables which they 
published for the correction of the ob- 
served distances of the moon from cer- 
tain fixed stars are followed by a table of 
acknowledged errata, extending over 7 
folio pages. But even this latter table is 
not correct ; a considerable number of 
errors have been detected in it, so that 
errata upon errata have become neces- 
sary. Even if tables are independently 
calculated by several persons, it is found 
that ceriain kinds of errors are likely to 
be made by all. 

Now, although the mathematical for- 
mulze on which tables are based, are 
many of them of the most abstruse and 
complicated nature, it happens that a 
comparatively simple process, called the 
method of differences, can nearly always 
be used in their computation. We shall 
endeavor to illustrate this method in one 
of its simplest cases. 

Let us take the increasing series repre- 
senting the number of cannon balls in a 
triangular pyramid. The numbers are 1, 
4, 10, 20, 35, 56, ete., as may be ascer- 


records in a continually increasing ratio ;' tained by experiment, piling up marbles 
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or other round bodies. If we subtract 
each of these numbers from the one next 
after it, we obtain the following series of 
differences : 3, 6, 10, 15, 21, “ete. Re- 
peating the same operation with this se- 
ries, we obtain a series of second differ- | 
ences, 3, 4, 5, 6, ete. In the same way 
we find a series of third differences, 1, 1, 
1, ete. 








| Ist difference. | 2d difference, | 3d difference. 


| 


Table 





1 
4 
10 
20 
35 
56 

















Now it can be proved that in this series, 
no matter how far extended, the third | 4 
difference will always be the same num- | 
ber, 1. This being the case, the table | 
may be continued “to any extent in the | 
following manner: Take the next third 
difference, 1, and add it to the last second | 
difference, 6, producing 7; add this to} 
the 21, producing 28; then add this to | 
the 56, producing the next number in the | 
table 84. The operation may be tabula- | 
ted thus : 








Table, Ist difference.+ | 2d difference, | 3d difference, 

















So, having started the table, the rest of 
the work becomes simple addition—addi- 
tion, too, always beginning with the same 
number. In most mathematical tables this 
number is a very small decimal fraction, 
and does not occur till the fourth, fifth, 





or sixth order of differences. If, then,,. 
machinery for adding be properly con- 
trived, and some means provided of con- 
stantly introducing this invariable number, 
this final difference, whatever it may be, 
we have Mr. Babbage’s difference engine. 
The constant number may be introduced 
by the mere notion of a spring,a descending 
weight, or any otiier regularly acting force. 
After being set the machine requires no 
mental attention whatever, except to re- 
cord its results as they are successively 
shown on the dials. If Mr. Babbage had 
completed it, even this would have been 
unnecessary ; for he had invented and 
drawn the plans for an attachment by 
which the results should be printed as 
fast as they were attained. By particular 
grooves in the types, corresponding to 
the numbers shown on the machine, he 
had even provided that at any given time 
the engine would not pick up any type 
but the right one, and would conse- 
| quently be free from any liability to error 
| caused by incorrect distribution of the 
es. 

The fundamental nature of machinery 
for adding may be thus explained: Sup- 
pose a wheel with the digits 1, 2, 3, 4, 5, 
6, 7, 8, 9, and 0, at equal distances around 
its circumference. Suppose 6 at the top; 
| to add 7, let the finger, or a weight, or 
any force, turn it seven of the equal parts 
more. There will successively come to 
the top, 7, 8, 9, 0,1, 2,3. But 13, not 3, 
is the sum of 6and 7. How is the 1 ten 
to be marked? That requires a tens’ 
wheel marked with the same digits as the 
units’ wheel. The units’ wheel has a pro- 


| jecting tooth, and the tens’ wheel has in- 


dentations into which this tooth fits so as 
to turn the tens’ wheel 1-10th of a revolu- 
tion, Then the tens’ wheel marks 1, as 
the 0 of the units’ wheel succeeds its 9, 
making up 10. The unit wheel goes on, 
as we have said to 3, making the complete 
reading 13. Add 8 more. The units 
wheel marks 4, 5, 6, 7, 8,9, 0,1. At the 
0 the tens’ wheel has been moved again, 
and now marks 2. We read in all 21. It 
is obvious that the extension of the same 
principle to hundreds, thousands, ete., re- 
quires only additional labor and repetition 
of parts. Mr. Babbage’s machine would 
extend its work to 100 places of figures; 
and when set for multiplication, which, it 
must be remembered, is only a compendi- 
ous form of addition, would multiply to- 
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gether two numbers each containing 50 
figures. 

Of course, we have here explained the 
mere clements of machinery for adding. 
We have described nothing beyond the 
process of adding the last column of dif- 
ferences. (In Mr. Babbage’s engine it 
might be the sixth, if required.) The main 
difficulty consists in the transference of 
the results from one column to the next 
preceding, i. e., from one set of wheels to 
a similar set next to it. The units’ wheel 
of the latter set must be moved not only 
through as many unit spaces as the one 
preceding it—this would be easy—but 
each time through as many as are indica- 
ted by the continually increasing results 
arrived at in the former. Thus, suppose 
that at a certain stage of the process, 
when the first units’ wheel adds 1, that of 
the next series adds 6; then the next time 
the former adds 1, the latter must add 7, 
and soon. This requires a very difficult 
combination of mechanical powers, con- 
tinually increasing in intricacy as we 
go back from difference to difference until 
we come to the desired tabular number 
itself. 

The difference engine was commenced 
for the British Government by Mr. Bab- 
bage in 1823. He had for some years 
devoted much thought to the subject, and 
had constructed for himself a small engine 
on the same plan, extending to two orders 
of differences. The expectations of the 
inventor were that the machine would cost 
£3,000 or £4,000 sterling. He was, how- 
ever, a wonderful mechanist, probably the 
best in England, and kept continually de- 
vising new adjustments to avoid all possi- 
bility of derangement in the machinery 
.from friction or otherwise, requiring 
everything, too, to be finished with an ac- 
curacy previously unattained in mechan- 
ism ; so that the expense grew greater 
and greater beyond the anticipations of 
the Government, though only reaching a 
small fraction of the amount which it would 
save to the Government when completed,to 
say nothing of the gain in accuracy by all 
who use tables. It became very annoying to 
Mr. Babbage to go to the first Lord of the 
Treasury for grants of money which were 
made unwillingly and after much question- 
ing. 

The Government more than once asked 
the Royal Society to give an opinion 
about the matter; and after an investiga- 





tion of the inventor’s plans and an exam- 
ination of the finished part of the engine 
by many of the most eminent men of sci- 
ence in England, the reply was invariably 
that there was no doubt that the engine 
could be constructed, and that it would 
be well worth the expense when com- 
pleted. 

In 1833 a difficulty with the engineer, 
owing to the dilatory manner in which the 
payments were made, caused the suspen- 
sion of the work; and before the Govern- 
ment could or would make better arrange- 
ments, Mr. Babbage had so far progressed 
in his speculations on the subject as to 
have applied to calculating machinery the 
principle of the Jacquard loom, and plan- 
ned a machine capable of performing any 
calculation or developing any formula that 
the human mind could conceive. He 
thought it his duty to communicate this 
fact to the Government, conceiving that it 
might induce them to discontinue the first 
and undertake the construction of the 
second engine, which, though much more 
efficient, was likely to be much less expen- 
sive than the former. The Government, 


or rather the successive Governments of 


England from 1833 to 1842, now and then 
discussed the matter, and at the latter 
date finally concluded not to go on with 
the work. Mr. Babbage had been contin- 
ually for 9 years pressing for a decision 
on this point; and when it was arrived at, 
he at once dismissed the incomplete dif- 
ference engine from his mind, and de- 
voted his energies and his fortune to the 
perfection of his proposed analytical 
engine. 

The difference engine had cost the Gov- 
ernment about £17,000 and Mr. Baboage 
the best 10 years of his iife, He received 
no compensation for his services, and ask- 
ed none. For upwards of 20 years he 
employed in his own house and at his own 
expense, workmen of various kinds, to 
assist him in making experiments neces- 
sary for attaining a knowledge of every 
art that could possibly tend to the perfec- 
tion of his inventions ; and with the same 
object he frequently visited the manufac- 
tories of Great Britain and the Continent. 
He estimated the expense to himself at 
upwards of £20,000. 

In the course of his labors on the new 
analytical engine, he built a forge and 
foundery, extensive workshops, an | a fire- 
proof building for his drawifgs and 
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draughtsmen. The great difficulty con- 
sisted in the reduction of the time requir- 
ed for adding. Evidently, if all calcula- 
tions were made on the bare principle, 
which we have explained, of turning a 
wheel 1-10th of a revolution for each unit 
added, the construction of a single im- 
portant table would become the work of 
many years. We have only hinted at the 
complex nature of the machinery necessa- 
ry to overcome this difficulty. Mr. Bab- 
bage now labored incessantly on it, each 
succeeding improvement advancing him a 
step or two. The intricate relations that 
soon arose among the various parts of the 
machinery became altogether beyond the 
power of the memory. He overcame that 
difficulty by devising a language of signs, 
a mechanical notation by means of which 
he succeeded in mastering trains of inves- 
tigation “vaster,” he says, “than the years 
ever allotted to one individual could other- 
wise have enabled him to control.” These 
signs indicate briefly the shape of every 
part of a machine, the position of every 
part, the connection of every part with the 
others, the kind of each movement, the ex- 
tent of each movement, the duration of each 
movement, and the actual space occupied 


by the various parts coznpared with the 


waste space about the machine. Thus it 
can be ascertained at a glance which mo- 
tions are contemporaneous, and which 
successive, so that the same space may be 
occupied at different times by different 
parts of the mechanism. It can also be 
proved whether a given machine can 
or cannot exist, and if it can, whether 
it will or will not accomplish its desired 
object. 

The analytical engine soon began to 
make serious inroads upon Mr. Babbage’s 
fortune. He resolved, however, to pur- 
sue it to the extent of his ability. When 
he had fully explained the circumstances 
to his venerable mother, she replied : 
“My dear son, you have advanced far in 
the accomplishment of a great object, 
which is worthy of your ambition; you 
are capable of completing it ; my advice 
is, pursue it, even if it should oblige you 
to live on bread and cheese.” Thus en- 
couraged, he went to work with redoub- 
led energy. The undertaking was more 
stupendous than he supposed; or, rather, 
his inventive genius led him to continual- 


ly add improvements which involved time | 


and labor. In 1864 he wrote: 





| 


survive some few years longer, the ana- 
lytica) engine will exist, and its works 
will afterwards be spread over the world.” 
We do not suppose that he left it comple- 
ted at his death. We only hope that he 
left it sufficiently advanced to enable and 
induce others to complete it. The plan 
in its details was sufficiently perfected in 
1852 to show to the Royal Society, whose 
committee reported that there could be 
no doubt of its feasibility and effective- 
ness. 

Mr. Babbage published several works 
of great importance, the best known of 
which is the “ Economy of Manufactures 
and Machinery.” A more thoughtful 
book, and one better calculated to arouse 
thought, can scarcely be found; and 
though first published over 40 years ago, 
it has lust none of its value at the present 
day. He also wrote a lucid yet profound 
book which he ealled “The Ninth Bridge- 
water Treatise,” being a discussion of the 
bearings of mathematics on religion. One 
of its most striking features was a math- 
ematical demonstration that no matter 
what amount of experience rendered a 
miracle unlikely, the independent tzsti- 
mony of a comparatively small number of 
reliable witnesses was enough to establish 
its credibility. We think that he did not 
make sufficient allowance for the liability 
of an honest witness to be deceived, or to 
misinterpret what he saw; but he must 
be said to have conclusively answered all 
who hold that a miracle is an impossibili- 
ty. “A miracle,” says he, “has nothing 
in its nature inconsistent with our belief 
of the uniformity of nature. All that we 
see in a miracle is an effect which is new 
to our observation, and whose cause is 
concealed. Its credibility depends on the 
nature of the evidence by which it is sup- 
ported.” He curiously illustrated the 
truth that events of the most unexpected 
and unusual kind might yet happen ac- 
cording to a known and foreseen law, by 
an experiment with his difference engine. 
Taking some friends once to see the en- 
gine, he set it to count the series of natu- 
ral numbers, 1, 2, 3, 4, 5, 6, etc. After 
continuing the series for a while, he 
pointed out the fact that it was impossible 
for the machine thus set, from its very 
structure, to do otherwise than count these 
numbers, increasing by one each time, as 
far as 100,000,000. Tosave time, he then 


“If I' set it ahead nearly to that point, and bade 
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them mark the result. The numbers were 


shown as follows : 
99,999,997, 
99,999,998, 
99,999,999, 
100, 00u,« 00, 
10u, 000,081, 
100,010,002, 
100, 030, 003, 
100,060,004, 
100, 100,005, 
100,150,006, ete. 
The machine obeyed a new law after the 
100,000,001st term, adding 10,000 times 
the series known as triangular numbers 
to the continuation of the original series. 
He then showed that this law would gov- 
ern 2,761 terms, when a new law would 
come into operation ; that this new law 
would last for about 1,430 terms, and 
then be succeeded by another; and so on 
ad infinitum. The machine could be set 
su that any of these laws would exist for 
any assigned number of times, and any of 
them might cease and reappear after any 
desired interval. Now, if a person know- 
ing nothing about this engine could watch 
it count the natural numbers up to 100,- 
000,001, his expectation that the next 
number shown would be 100,000,002 would 
no doubt be so strong as to amount toa 
feeling of certainty. Yet this expectation 
would be disappointed without any viola- 
tion of natural law, but in such strict con- 
formity thereto as to be foreseen by any 
one understanding the mechanism. So, 
argued Mr. Babbage, what we call a mir- 
acle may seem strange and unlikely to us 
only because of our ignorance, though 
known to the Creator of the universe to 
be a necessary consequence of the manner 
in which he has made his works. We 
may add that this view of miracles has 
been adopted by all the principal relig- 
ious writers on the subject since the pub- 
lication of Mr. Babbage’s work. 

With Mr. Babbage’s minor labors, his 
recreations, and the “chips from his 
workshop,” a volume might easily be 
filled. While yet at college, he joined 
with Herschel, Peacock, and others, in 
introducing the differential. notation of 
Leibnitz into England in place of the less 
manageable fluxions of Newton. He was 
skilled in finding the key to writing in 
cipher, and, to aid bim in such pastime, 
went to the trouble of classifying all the 
words in the English language, according 
to their lengths, the repetitions of the 


(after this the law 
changes) 





same letter in them, and the positions of 
the letters so repeated. He was fond of 


‘making automata of various sorts ; for 


instance, to play games, the principal be- 
ing that, at any given state of the game, 
the mechanism must make a certain move. 
His name is indissolubly associated in 
England with the broad-gauge railway, 
the final adoption of which was due to an 
elaborate series of experiments which oc- 
cupied his spare time for several years, 
and a luminous report, in which he 
summed up the results of his investiga- 
tions. Improvements in storm signals, in 
mechanism to make it difficult to counter- 
feit bank notes, and in the English postal 
system, are also due to him. His foible 
was a hatred of organ-grinders and other 
street noises. He was continually waging 
war with them, but the only result was to 
make them more and more desirous of 
annoying him. A much better course 
would have been to acquire the habit of 
concentrating his mind on bis work so as 
not to be disturbed by such noises. 

In conclusion, to throw some light on 
the workings of an inventor’s mind, we 
will quote a remark which he made a few 
years ago: 

“T think one of my most important 
guiding principles has been this—that 
every moment of my waking hours has al- 
ways been occupied by some train of in- 
quiry. The necessary training was diffi- 
cult. Whenever at night I found myself 
sleepless, and wished to sleep, I took a 
subject for examination that required lit- 
tle mental effort, and which also had little 
influence on worldly affairs by its success 
or failure. On the other hand, when I 
wanted to concentrate my whole mind 
upon an important subject, I studied dur- 
ing the day all the minor accessories, and 
after 2 o’clock in the morning I found 
that repose which the nuisances of the 
London streets only allow trom that hour 
until 6 o'clock in the morning.” 





= St. Petersburg War Office states, in 
. an official order, that the number of 
breech-loaders required for the entire 
army on a war footing has been com- 
pleted at last, and that there is also an 
ample supply of cartridges on hand. 
The rifle adopted is an improved needle- 
gun, called, after the manufacturer, the 
Krick pattern. 
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REMARKS ON CONCRETE BUILDING.* 


By A. W. BLOMFIELD, M.A,, F.R.1.B.A. 


From the “ English Mechanic.’’ 


In the few remarks which I have to 
make on this subject, I shall confine my- 
self to the consideration of that system 
to which walls are constructed in situ, by 
filling concrete into cases, or moulds, 
made to shift to the various requisite 
heights and positions as the work pro- 
ceeds. The system of building with 
blocks of concrete or artificial stone, cast 
separately and put together when dry, 
having little to distinguish it from the 
ordinary methods of construction, calls 
for no special notice. 

Much misconception, now happily dis- 
appearing, was excited as to the preten- 
sions of concrete building, and, in conse- 
quence, many absurd objections have been 
raised against it. Asone instance among 
many, I may mention that, when a few 
years ago a paper was read on the sub- 
ject at a meeting of the Architectural As- 
sociation, an architect gravely objected 
that, though much had been said about 
concrete walls, nothing had been said 
about roofs. He considered that a build- 
ing was useless without a roof, and he 
wanted to know how it was proposed to 
roof a concrete building. There seemed, 
in fact, to be an idea that the advocates 
of concrete looked upon it as a new in- 
vention destined to supersede all other 
methods of construction. Any one who 
hes taken the smallest trouble to inves- 
tigate the subject is, of course, aware that, 
like many other so-called inventions, it is 
merely the revival of a very old expedient, 
though some of the features of the machi- 
nery now generally employed are certainly 
new, and very ingenious, and useful. The 
authors of other papers will, no doubt, 
enter more minutely, and with more 
scientific details than I can, into the 
question of the materials and proportions 
proper for concrete building; I shall, 
therefore, say little on this point. For 
the same reason, coupled with a desire to 
be brief, I forbear to mention the numer- 
ous tests to which the material has been 
subjected, and the proofs of extraordinary 
strength and durability which have been 





187 From the Report of the General Conference of Architects, 
1, 





the result. One significant fact, however, 
should be noticed. In using ordinary 
materials, no sooner is a building com- 
pleted than decay commences at once, in 
a greater or less degree. Portland ce- 
ment concrete, on the other hand, has 
been proved to continue to harden for a 
very considerable time—some say even as 
long as twoyears. As far as I can ascer- 
tain, the only cementing material to be 
relied on is Portland cement of the best 
quality, and for the other ingredients, 
any may be used that are usually em- 
ployed in carefully composed concrete for 
ordinary purposes, especial care being 
taken that they be quite clean and free 
from clay or earthy particles. The pro- 
portions vary from 1 of cement, and 8, 9, 
or even 10 of other material for walling, 
to 1 of cement, and 5 or 4 of other ma- 
terial for lintels, steps, and flats for land- 
ings. The interior of walls of more than 
4 in. in thickness may be packed with 
rough stone, broken bricks, chalk, or any 
other similar material that can be easily 
procured in the neighborhood. 

Time will not allow me to enter into 
any description of the different sorts of 
cases and machinery now in use, and the 
various details, manipulation, and use of 
the material ; but so much has been said 
and written on the subject, and the sys- 
tem has now become so common, that 
anything of the sort would probably be 
unnecessary. 

The chief advantages of concrete build- 
ing may be summed up in a few words : 
First, cheapness ; secondly, strength and 
durability ; thirdly, rapidity of construc- 
tion ; fourthly, economy of space. 

The chief drawbacks appear to be: 
First, its liability to failure, from the use 
of improper materials, or from the want 
of knowledge and proper care, or from 
the wilful misuse of gocd materials ; sec- 
ondly, the limits which the material and 
method of construction impose on archi- 
tectural design and decoration. 

The question of cheapness depends on 
locality. Asa rule it will be found that 
where bricks are the local material, con- 
crete will be, bulk for bulk, cheaper ; and, 
as it may be used thinner than brick with 
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equal strength, and without the employ- 
ment of skilled labor (except that of a 
foreman), the saving is usually consider- 
able over brickwork. On the other hand, 
where a local stone may be obtained very 
cheaply, concrete will not be found to ef- 
fect any saving in ordinary walling. 

In respect of strength and durability, 
my experience has led me to put the great- 
est possible faith in carefully compound- 
ed Portland cement concrete. I do not 
think that its capabilities in the way of 
fire-proof flooring, without any adverti- 
tious aid of iron girders or other supports 
over considerable areas, has ever yet 
been properly tested. Its extraordinary 
strength when employed for walls must 
now be fully recognized by all who have 
given it a trial. 

With regard to the next point, rapidity 
of construction, although no doubt many 
concrete buildings have been run up in an 
incredibly short space of time, I think 
that too much stress has been laid on this 
as an advantage, and I believe that some 
disasters which have occurred are attribu- 
table (in part at least) to undue haste. I 
have myself seen partial failures from this 
cause, which, by the subsequent harden- 
ing of the concrete, have stopped and gone 
no further. 

Economy of space is only gained by the 

ossibility of making walls (particularly 
internal division walls) thinner than in 
ordinary brickwork. Though this seems 
a small matter, it will be found that in a 
large establishment, with many small di- 
visions, the saving in space covered is 
considerable. I now come to the draw- 
backs. Of these, the first speaks for it- 
self. It is, nodoubt, the most serious ob- 
jection to the system, and has deterred 
many from giving ita fair trial. I pass it 
by, however, as a point which occurs to 
every one, in order to conclude with a 
few remarks on the limits imposed by this 
material and method of constraction on 
architectural design and decoration. 

It is, of course, possible to build plain 
walling in concrete, using quoins, window 
dressings, strings, cornices, etc., of stone; 
but I refer to cases in which, from eco- 
nomical or other motives, an architect may 
desire to confine nimself entirely to the 
use of concrete, without brick or stone. 
In connection with this view of the sub- 
ject, I take the first opportunity of pro- 
testing against the idea of a concrete arch. 





Concrete is in fact a solid mass of artificial 
stone, and it would be as rational to scoop 
out the underside of a York landing or a 
Portland stone lintel into an arched form 
to increase its strength, as to mould a 
mass of concrete into such a shape with 
the same object. Concrete construction 
such as I have described is essentially 
monolithic, and the arch has no proper 
place in it, except perhaps as a mere dec- 
orative feature, evidently unconnected 
with the construction, if, indeed, such a 
use does not carry its own condemnation. 
In saying this, I do not of course refer to 
barrel vaults and domes which may 
properly be constructed as solid crusts or 
shells in conerete. 

Wherever any architectural character 
or decoration has hitherto been attempted 
in concrete building, it has taken the 
form of the usual imitations of stone in 
Portland cement, and this has had the 
effect of increasing the prejudice against 
it as an encourager of stucco and shams. 
Now, Portland cement stucco, so far from 
being necessarily a sham, seems to me to 
be an admirable and useful material, 
which through long abuse has fallen into 
disrepute, but which is capable of perfectly 
legitimate treatment with very good re- 
sults. We must not, of course, look for 
effects of light and shade produced by 
bold projections of cornices or string- 
courses, not for sculptured decoration; 
but we may get color and surface orna- 
mentation, as, for instance, by incised, 
stamped, or “sgrafito ” work, without the 
use of any other materials than concrete 
and cements. This is what we ought to 
aim at, and whatever is done, the mono- 
lithic character of the structure should 
be borne in mind, and nothing should be 
allowed to twist it into forms and appear- 
ances foreign to its nature, merely to make 
it !ook like other buildings. 

For suggestions as to legitimate and 
artistic treatment of external plaster-work 
we have plenty of examples, not only 
abroad, but in numerous old houses in 
all parts of our country. Ornamentation 
of this kind could scarcely be so expensive 
as the elaborate cast imitations of stone 
which are usually employed. 

I think, however, that in this system of 
building, a great deal may be done with- 
out plastering the surface, by using a fine 
concrete which may be kept to the ex- 
ternal face of the work, and left untouched 
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when the cases are removed. It is true 
that it is impossible, for several reasons, 
to avoid showing the marks of the dif- 
ferent levels at which the cases are fixed, 
but this, being a necessity of the method, 
should be made a feature; the marks 
should be clearly defined, and advantage 
might be taken of them to vary the color 





In conclusion, without claiming for 
concrete building the extraordinary merits 
which it has been supposed to possess, I 
think it is a subject well worthy of the 
attention of architects, and one which is 
capable of very great development, parti- 
cularly in an artistic point of view, but in 
this direction nothing can be done so long 


and composition of the surface concrete. |as the only aim is to show how well 
Finally, broken granite or quartz, fine!it can be made to imitate some other 
sea-shingle, and colored sands may be/| material and some other method of con- 


suggested as materials for it. 


struction. 





THE DESICCATION OF WOOD. 


By M, 4. PAYEN. 


Translated Abstract from ‘“‘ Annales de Conservatoire.” 


The methods heretofore employed in 
the desiccation of wood may be referred 
to one of the following classes : 

Ist. Coatings applied to the surface of 
wood in order to prevent the contact of 
air and moisture. 

2d. Simple immersion in an antiseptic 
fluid. 

3d. Vital suction or filtration, of which 
the Boucherie process is the type. 

4th. Injection of antiseptic fluids. in a 
closed vessel, by alternation of vacuum 
and pressure. 

_ 5th, Artificial desiccation followed by 
injection in closed vessels. 

In this article we propose to describe 
the different processes of desiccation by 
means of drying ovens. It is these ovens, 
that we would particularly examine ; con- 
sidering their mode of construction, their 
action, and advantages in their applica- 
tion either to simple desiccation or to pre- 
— drying to be followed by injec- 

ion. 

The presence of water and air in wood, 
is one of the principal causes of the fer- 
mentation of its organic matter and of its 
consequent alteration and destruction. 
These changes often remove an apprecia- 
ble part of organic matter containing 
combustible carbon and hydrogen. Again 
the hygroscopic water contained in the 
wood, in its volatilization absorbs a part 
of the heat developed in combustion, 
and thus diminishes its calorific powers. 

In order to give a precise notion of the 
utility of the desiccation of wood-fuel, we 
should compare the quantity of useful 


heat obtained from dried and from green | 





wood. This comparison is easily made by 
taking for standard the mean elementa- 
ry composition of some wood, say oak, 
and the equivalent of carbon given under 
the two conditions. 

100 parts of dry oak contain 50 of car- 
bon, 6.20 of hydrogen, and 43.80 of oxy- 
gen. To the calorific power of the carbon 
(50) should be added, the equivalent rep- 
resenting the excess of hydrogen {some- 
what variable in different kinds of wood) 
above the quantity necessary to unite 
with the oxygen so as to form water. In 
oak this excess is 0.630; equivalent to at 
least 1.89 of carbon. We may therefore 
consider 100 parts of Gry oak as equiva- 
lent to 50 + 1.89 = 51.89 of pure car- 
bon. 

But in order to determine the quantity 
of useful heat, it is proper to deduce that 
which, in the process of combustion, 
transforms into vapor the hydrogen and 
oxygen. This water of composition is 
2s of the total weight, absorbing in 
transformation into vapor at the tempe- 
rature of combustion a quantity of heat 
equivalent to 5 of carbon, which is to be 
deducted from 51.89 ; giving a remainder 
of 46.89 of useful carbon, which repre- 
sents the calorific power of 100 parts of 
dry oak. 

Now suppose that moist oak contains 
45 per cent. of water: As 100 parts des- 
iccated wood represent 46.89 of carbon, 
55 would give 25.79 of carbon ; from 
which is to be deducted 4.50 used in va- 
porizing the 45 parts.of water; giving 
21.29. It follows that 225 parts of green 
wood must be burned to give as much 
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useful heat as 100 of dry. But besides 
this loss, it happens that in certain cases, 
as in the melting of glass and of zine, it is 
impossible to attain the desired end by 
use of green wood. Hence, desiccation, 
almost always useful, becomes an absolute 
necessity in the manufacture of glass and 
in metallurgy. 

In the injection of wood under pressure 
the elimination of the water of moisture 
permits the antiseptic liquid to take its 
place. Hence the more or less complete 
expulsion of the water would be useful in 
various ways, and would fulfil one of the 
conditions most favorable to its conser- 
vation. 

There are two methods of desiccation : 
the natural, by long exposure to air, un- 
der sheds ; and the artificial, by means of 
stoves or ovens. The natural process is 
insufficient for preservation. For how- 
ever great the pains and long the expo- 
sure, there always remains a residuum of 
water, amounting to from 10 to 20 per 
cent.; which is sufficient to cause fermen- 
tation, to invite insects, and to favor cryp- 
togramic growths. This sort of drying is 
suited only to wood for carpentry or fur- 
niture ; being sufficient to prevent change 
of dimensions or warping when it is re- 
moved from farther action of humidity. 
The artificial process better assures pre- 
servation, since it can drive from the wood 
all the contained moisture ; still this con- 
dition cannot be maintained against the 
influence of the atmosphere, except by 
some coating impervious to moisture. 

On the other hand, the preparation of 
the wood, or its injection with antiseptic 
fluids by the method of close vessels (en 
vase clos) cannot be successful unless 
the wood has been sufficiently dried, so as 
to allow the withdrawal of the air from 
the tissues. If moist wood is subjected 
to this process, the liquids cannot escape ; 
and of course their place cannot be taken 
by antiseptic fluids. 

Experience has shown that injection en 
vase clos, is practicable only upon woods 
sufficiently dried, and this explains the 
invention of so many apparatuses of de- 
siccation. The use of these has progress- 
ed but slowly ; a fact due to their im- 
perfection. Either the price of construc- 
tion was too high, or the time necessary 
for desiccation was too protracted. Only 
within a few years has this preliminary 
desiccation become successful ; a success 


due to the new apparatus to be described 
further on in this article. 

Until these inventions were made it 
was necessary to leave wood (especially 
railroad ties) exposed to free air for 4 to 
|8 months before it could be worked up. 
This was onerous ; for besides loss of in- 
terest on stock, there was expense of 
shedding and of transport. 

Attempts to desiccate wood date from 
| time long back. Wollaston and Fourcroy 
recommended the process; and Newmann 
employed steam for the purpose. Plac- 
ing the wood in a large wooden box, 
he admitted steam from a boiler and drew 
off the condensed vapor charged with 
‘albumen and sap. The progress was 
| tested by the color of the liquid drawn 
off. When this became colorless the wood 
was taken out. This method would have 
given favorable results if superheated 
steam had beem employed so as thorough- 
ly to permeate the wood; but the expense 
would have been too great. 

In 1837 M. de Mecquenem invented a 
process which consisted in subjecting the 
wood to a current of heated air in a closed 
vessel; the current being impelled by a 
blower. The air entered at the bottom 
and escaped at the top. 

In 1839 M. Charpentier patented an 
invention in which he made use of a her- 
metically closed chamber, in which the 
wood was exposed to the action of air 
heated by passing over metallic plates, 
and introduced through 4 longitudinal 
tubes disposed upon the floor of the fur- 
nace, from which it was discharged into 
the heating chamber. The vapors and 
the moist air escaped by 4 longitudinal 
pipes placed in the upper part of the fur- 
nace and communicating with the chim- 





ney. 

In 1848-1853 Bethell, who, as is well 
known, gave much attention to the pre- 
servation of wood and vegetable sub- 
stances, took out a number of patents 


in England and France. One of these 
consisted of a rectangular brick chamber, 
with hollow walls filled with cinders to 
prevent radiation; the arched roof being 
constructed in the same way. One end 
was left free to admit a carriage on 
rails. A double iron door closed this 
entrance when the chamber was filled. 
At the other end was a furnace pro- 
vided with a grate for the burning of coke, 
oil, wood, or tar, according to the end in 
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view whether simple desizcation, or smok- 
tng ; that is, impregnating with antiseptic 
gases proceeding from the incomplete com- 
bustion of tarry substances. The pro- 
ducts of combustion passed through a 
central flue at the bottom, which bifor- 
cated near the entrance; the branches 
carried the smoke to the bottom of the 
chamber, from which it passed over the 
wood. The smoke and gases and mois- 
ture escaped at one end by a pipe at the 
top, and at the other by a sort of ventila- 
ting chimney. Bethell says the tempera- 
ture should be kept at about 110 deg. Fahr. 
The time varied from 8 to 12 hours, This 
rapidity must have been at considerable 
expense of fuel. The rapid movement of 
the heated gases did not permit the com- 
plete utilization of their caloric, and it is 
doubtful whether large pieces of wood, 
as railway ties, can be thoroughly desic- 
cated in so short a time. This ind»ed 
was shown by numerous exper!ments 
made at London in 1853 by the “ De- 
siccating Company.” The wood was plac- 
ed in a close chamber of a capacity of 
about 1,000 cubic metres. The air was 
heated in Taylor's apparatus, as in the 


metallurgy of iron, and was driven over 
the wood by a ventilator ; but slowly, 
and in such a quantity that the atmos- 
phere of the chamber was entirely chang- 


ed in 3 or4 min. Nearly 9 hectolitres of 
coal was consumed in 24 hours. It was 
found that an average of 15 days was re- 
quired for complete desiccation at a tem- 
perature of from 45 deg. to 60deg. This 
low temperature and protracted time 
seem to be better for woods that are to 
be used in carpentry, cabinet work, and 
the like. 

The furnace of M. Guibert of Tourla- 
ville, invented in 1861, was in essential 
points similar to that of Bethell, patent- 
el in England in 1848. 

Reuther’s invention (1860) is intended 
for the desiccation of ties and their in- 
jection with creosote. The products of 
combustion are introduced by means of 
canals at the bottom of either side of the 
chamber. These are covered with iron 
plates which heat the air within the cham- 
ber. At the extremities near the door, 
are two vertical pipes which enter the 
hollow space in the walls and the vault. 
Two chimneys surmount the vault at eith- 
er end. 

Before the wood is put in, the two ori- 








fices at the end of the canals is opened so 
that the smoke and heated gas may enter 
the chamber and raise its temperature. At 
the beginning of the operation, one chim- 
ney isclosed so that the products of com- 
bustion may pass directly to the other 
chimney by the vertical pipes. When the 
vault is warm enough, the second chim- 
ney, that near the entrance, is closed. 
The time of desiccation is 24 hours; the 
temperature is gradually raised to 100 
deg. If tbe time for any reason is short- 
er (as 12 hours), still the temperature is 
constantly maintained at 100 deg. But 
this is not approved, as carbonization is 
likely to ensue. 

In all the apparatus described, the gas, 
smoke, and heat are introduced at the bot- 
tom, while the discharge is from the top. 
This disposition is defective, because the 
heated air rises directly to the top of the 
chamber and escapes without having had 
time to become saturated with the mois- 
ture of the wood. 

Peclet in his“ Traité dela Chaleur,” tome 
ii., chap. vi., noticed this defect, and re- 
commends a reversal of disposition. He 
states that in 1822 M. Ternaux effected 
this in a vermicelli desiccator at Saint 
Ouen, and that the operation was much 
more rapid. He says: “ We thus find a 
condition of great importance ; that the 
issue of vapors should always be effected 
at the bottom of the drying-chamber. 
This prevents stagnaticn, and is at the 
same time very favorable to the satura- 
tion of the heated air ; for hot air moves 
rapidly while rising in a denser medium, 
but moves slowly and distributes itself 
uniformly when it circulates downward.” 

Peclet proposed the following process 
for drying wood and peat : Two parallel 
galleries with a furnace at the bottom of 
each, and horizontal pipes under the bot- 
tom, through which the smoke is to pass 
uniformly and in succession, and so as to 
distribute the heat as uniformly as pos- 
sible. Each gallery is to be closed at 
both ends by double doors, and is to be 
provided with rails for iron wagons, upon 
which the wood is to be piled so as nearly 
to fill the chamber. The smoke of the two 
furnaces passes into a common chimney 
of large section, having a draft-regulator 
at its top. The adjacent walls of the gal- 
leries form a closed space ; in the middle 
of this is a chimney which communicates 
below with each of the galleries by means 
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of orifices provided with registers. On 100 X 2 metres, 500 sferes could be desic- 


each side of the chimney, at the bottom, 
are the furnaces. 

This process was applied some years 
after at Graffensladen. The apparatus 
was of trapezoidal form; there were 6 
chambers heated by 7 furnaces ; dispos- 
ed in 2 sections separated by a pas- 
sage. The vapors escaped by lateral ori- 
fices at the bottom, opening into the 
chimneys. Each furnace was connected 
with a horizontal brick chamber, hermeti- 
cally closed at the end, which divided and 
returned upon itself to open into vertical 
chimney near the furnace. The desicca- 
tion lasted night and day for from 10 to 
20 days. Experience fixed the tempera- 
ture for oak at 40 deg. and for pine at 
50 deg. The action of this apparatus is 
very slow, and therefore not fitted for 
desiccation of railroad ties. 

In 1851 M. Imbert took ont a patent 
for an oven for drying wood intended as 
fuel, in metal or glass works. The cham- 


ber was long. and its bottom was covered 
with metallic plates forming three longi- 
tudinal tubes which terminated at one 
end in the chimney of a small furnace set 


severnl metres below, in a vault. The 
carriages entered at one end and were re- 
moved at the other, near which the pro- 
ducts from the fire entered by orifices 
in the plates. The gases escaped by an 
orifice in the lower part of the oven. 
When the wood on the carriage nearest 
the discharging door was dry enough, it 
was shoved out by another introduced at 
the entrance. The temperature was low- 
er nearer the entrance, so that the wood 
advanced in a contrary direction to that 
of the motion of the gases, and passed 
into successively higher temperatures. 
This device of making the wood advance 
in a direction contrary to the motion of 
the heated gas was afterwards recom- 
mended by Lechatelier in 1853, before the 
Society of Engineers. He proposed, for 
desiccation of ties which were to be in- 
jected, an apparatus like the kiln employ- 
ed in annealing glass. The wood was to 
be put in a long gallery, on wagons, and 
to be slowly moved in a direction contra- 
ry to that of the heated gas, towards the 
maximum point of temperature. The in- 
troduction and removal were to be as in 
the last case. M. Lechatelier thought that 
this operation could be conducted with 
the greatest facility ; and that with a kiln 








cated in 24 hours. 

In 1863 M. Blythe, an English manu- 
facturer, who was engaged at Bordeaux 
and Landes in the injection of wood with 
sulphate of copper, invented the appars- 
tus which has now come into most general 
use. This is a double oven, composed of 
two rectangular chambers of clear dimen- 
sions 3.25 m. wide, 2.50 high, 3.25 long. 
The outer and partition walls are of brick, 
resting on a foundation of masonry. Two 
brick vaults roof the chambers. The side 
and partition walls are hollow, the space 
being 7 to 8 centm. wide, and extending 
the entire length and height of the wail. 
These hollow spaces communicate with 
the lower part of the chambers by small 
openings, and with small chimneys at the 
top. At either end of each chamber is a 
double gate of iron, or wood covered with 
galvanized iron. In each chamber, at a 
little distance from the side walls, are set 
two walls of masonry for the rails. Be- 
tween and below these walls is a long 
arched passage, communicating with a 
furnace. The furnaces are covered by a 
fire-brick vault, which projects over the 
fire-grate far enough into the chamber to 
cover the flame. Along the whole length 
of the walls of the passage just described, 
and inside the rails, ran two small flues 
or passages ; and between these is anoth- 
er flue, so connected with the furnaces as 
to form a separate passage for each, so as 
to prevent the mixture of the products of 
combustion. 

The action of the apparatus is as fol- 
lows: Four wagons of wood are intro- 
duced, and the doors are shut. The pro- 
ducts of combustion enter the passages, 
from the furnaces; thence they enter 
through orifices into the two flues just 
inside the rails. The heated gases now 
rise and pass through the wood, taking 
up the water that has been converted into 
vapor. In doing this they cool, and 
then pass along the walls, which are cold- 
er than the middle of the chambers. Ar- 
riving at the bottom, they escape by ori- 
fices regularly distributed into the hollow 
wall, and pass out thechimneys. By this 
method a constant and uniform circula- 
tion is assured, and the temperature is 
sensibly uniform. 

The construction of an oven like the 
one just decribed, costs about 8,000 francs, 
and the expense for each tie, including 
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fuel, labor, handling and interest on capi- 
tal, is 0.07 fr. 

M. Blythe afterwards modified his ap- 
paratus in some of its details ; not affect- 
ing the general action. As the iron 
plates of the flues in the original oven 
were rapidly destroyed, he substituted 
hollow fire-brick. 

In France 11 of Blythe’s apparatus 
have been erected, 9 of which are still in 
operation. 

Artificial desiccation, to be efficacious, 


should remove from the wood a volume 
of about 300 litres to the cubi¢ metre, so 
as to allow the injection of an equal vol- 
ume of creosote, or cf a solution of sul- 
phate of copper, at 0.02 ; equivalent to 6 
kilogs. of crystallized ; these proportions 
having been found sufficient for preserva- 
tion. An obvions advantage of this meth- 
od of desiccation is that the process can 
be completed within 24 hours after a tree 
has been cut down, and that water-logged 





timber can be subjected to it. 





PAPER-MAKING IN JAPAN, 


From the “ Journal of the Society of Arts.’’ 


The art of paper-making in the country 
of the Mikado forms the subject of a very 
interesting Parliamentary document just 
issued, comprising reports from three of 
her Majesty’s consuls in Japan. Mr. Low- 
der’s report, addressed to Sir H. Parkes, 
from Kanagawa, was accompanied by 
numerous colored illustrations, the work 
of native artists, and costing only $t. 
These illustrations now accompany the 
report in the form of engravings, and are 
highly interesting, being singularly bold 
and graphic, conveying a very clear idea 
of the processes referred to. 

According to Mr. Lowder, the manu- 
facture of paper from the paper-mulberry 
(Broufsonetia papyrifera) was introduced 
into Japan about A. D. 610, being mainly 
brought about by the skill and enterprise 
of Shotokn Taishi, a son of the reigning 
Mikado, who improved on what he had 
previously learned from Donchd, a priest 
from the Corea. This Donché is said to 
have been a clever man, learned in the 
Chinese classics, and a skilful artist. But 
his paper was not all that could be desired. 
It did not take ink well, and it tore very 
easily. Taishi had recourse to the paper- 
mulberry, and caused it to be extensively 
planted all over the country, taking meas- 
ures at the same time to have the mode 
of manufacture largely promulgated 
among the people. From the year 280, 
paper had been imported into Japan from 
the Corea, but soon after 610, thanks to 
the ingenuity of Taishi,the Japanese learn- 
ed to make their own paper, and even 
made it of better quality than that of 
Corea. The art, as practised in the pres- 
ent day, is very rude in its appliances, but 








is very satisfactory in its results. The 
mulberry stalks, cut into lengths of 3 ft., 
or rather less, are steamed, and the skin 
thus softened is afterwards stripped off by 
hand. The skins thus peeled off are hung 
up to dry, a process which oceupies from 
1 to 3 days. They are tied up in bundles, 
and exposed to the action of ranning wat- 
er for 12 hours, or perhaps 24. After this 
washing, the outer dark skin is stripped 
off from the inner fibre by means of # 
knife, the tool being held stationary with 
the right hand pressing on the material, 
which lies on a straw padding. Tbe 
operator then draws the material towards 
him with the left hand, and as the stuff 
passes under the edge of the knife the 
outer fibre is stripped off. The dark out- 
side skin is used for making inferior kinds 
of paper. After being thoroughly washed 
in running water, which causes it to open 
out flat, it is boiled. It is then allowed to 
rot, and is well beaten, after which paper 
is made of it, by admixture with the “ to- 
roro.” In years when the paper-mulberry 
is scarce, this kind of paper is sometimes 
made of the common mulberry. The mode 
of manufacture is the same, and the leaves 
are occasionally made use of for the pur- 
pose. 

Reverting to the treatment of the inner 
fibre, we observe that this is parcelled into 
lots of about 32 lbs. avoirdupois each. It 
usually takes 3 days to make this into 
paper, but adepts can accomplish its man- 
ufacture in 2. These parcels are taken to 
the river and thoroughly washed. after 
which they are steeped in buckets of water. 
The water is then run off, and heavy stones 
are placed upon the fibre to squeeze out 
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the remaining liquid. The parcels are 
next boiled, so as to get rid of all sticky 
and glutinous matter, and the fibre is then 
called “sosori.” Great care has to be 
taken that the boiling goes on evenly, and 
sometimes the boiling has to be assisted 
by throwing in wax-ash or common lime ; 
but the adinixture of either of these will 
slightly affect the color of the paper. The 
‘boiling, moreover, is not carried on by 
means of common water, but by the use of 
water in which the ashes of burnt buck- 
wheat husks have beeninfused. After this 
boiling, the sosori undergoes a second 
washing, in order that the residue of the 
ash infusion may be thoroughly expelled. 
For this purpose it is pliced in a basket, 
through which running water is allowed 
to percolate, after which the basket is lift- 
.ed up, and the water runs off. The night 
before the paper is made the sosori is 
again washed, and the next morning it is 
pounded “for about as long a time as it 
takes to boil the rice for breakfast.” When 
paper is made in the winter alittle “toro- 
ro” is mixed with the sosori before pound- 
ing, but in spring rice-pasteisused The 
tororv is a plant, having a root about the 
same size as that of the common dock. 
The sprouts and skin of the root are scrap- 
ed off, and the root is then beaten. When 
required for use the “tororo” roots are 
boiled into a tolerably thin paste, and 
strained through a fine hair sieve into a 
tub. 

In making the paper called “ hanshi,” 
the sosori is first formed into a large ball, 
from which lumps are broken off as requir- 
ed. These lumps are cast into what is call- 
eda “boat,” and thoroughly mixed with 
‘well-strained tororo paste. The necessary 
pulpy wass is thus formed. In making 
“hanshi,” the boat containing the pulpy 
material has a length of 6 ft. and a breadth 
of 3. A sort of tray or frame, of the re- 
quisite size, has a false bottom of plaited 
bamboo. This tray is dipped into the pulp, 
or the pulp may be poured into it. An 
inner frame is then fitted so as to press 
down on the false bottom and keepit tight- 
ly in its place. A peculiar and dexterous 
jerk is then given to the apparatus, which 
os the effect of “setting” the paper. 


The frame is then placed in a leaning po- 
sition against an upright rest in the boat 
to allow the water to run off while anoth- 
. er frame is prepared. By the time a sec- 
ond frame is ready, the first may be re- 





moved, and the entire munipulation is 
such as can be performed very quickly by 
experts in the manufacture. Paper made 
in the winter with “tororo” has the ad- 
vantage over that made in the spring with 
rice paste, that it 1s not likely to become 
worm-eaten. 

In order to dry the paper, the sheet is 
removed from the frame with a piece of 
bamboo, the thicker end of the paper be- 
ing dexterously curled round the stick. 
By means of a brush the paper is laid on 
the drying-board face downward. Five 
sheets are placed on each side of the board, 
which is 6 ft. long, and each manipulator 
requires 40 drying-boards. In fine weather 
the paper drys quickly, in wet weather it 
is sometimes dried by the heat of a fire. 
Cutting is effected by a knife, applied to 
parcels of 100 sheets. Packing into bun- 
dles for market follows. 

Mr. Annesley, witing from Nagasaki, 
describes the mode of making paper from 
the bark of the “kaji” tree, and says:— 
“There are no reasons why the ‘kaji’ 
tree should not flourish in England, more 
especially if planted ina damp soil ; and 
when it is considered that paper could no 
doubt be manufactured from this bark at 
a cheaper rate than it could be made from 
rags, added to the considerable strength 
it can attain, and the various useful pur- 
poses to which it can be applied, the cul- 
tivation of the kaji shrub in England 
is well worthy of atrial.” The writer adds 
— Some inquiry after this bark has been 
made by home paper manufacturers from 
merchants at this port, and samples have 
been sent to England, where its value will 
no doubt be appreciated and turned to 
account.” The many forms which paper 
takes in Japan seems to suggest that we 
are far behind in the development of this 
industry. The Japanese will make paper 
“ warranted to wash.” They also manu- 
facture oil-paper for rain-coats and other 
purposes. Some of the common paper is 
made so tough that it can be torn only 
with difficulty. Paper is made to have the 
weight and hardness of heavy wood, or 
the lightness and elegance of net. Paper 
hats are made in imitation of straw, the 
paper being twisted, plaited, shaped, and 
varnished. Leather is also imitated, and 
these imitations have excellent qualities to 
recommend them. Coats, shoes, umbrellas, 
pocket-handkerchiels, and numberless 
other articles are made from paper. As 
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for the raw material, we are told that the! states that sundry samples of the material 
Japanese are acquainted with the method | have been sent to the South Kensington 
of manufacturing paper from rags, but| Museum. The subject is not merely curi- 
never adopt it, preferring to make their | ous, but important. Sir H. Parkes regrets 
paper from the bark of trees. If the kaji| that the information afforded in the con- 
tree can be successfully grown in England, | sular reports is not more complete, but 
our own paper-makers might find it a very-| says :—“It has not been found easy to 
useful source for a portion of their raw | obtain information from Japanese inform- 
material. The Japanese seem to luxuriate | ants engaged in the trade relative to the 
in an abundance of “ sosori ;” but in this} production of the raw material or the 
country the paper-making industry is| mode of manipulation.” The manufacture 
hemmed in by a comparatively narrow | appears to be carried on in the interior 
circle. provinces, and no opportunity of observ- 

This news comes from Japan very op-| ing the process has been met with at 
portunely, and the document before us| Yeddo. 








MODERN CANNON POWDER. 


From “ The Quarterly Journal of Science.’’ 


In the year 1799, nearly a century ago, | violent for use in the rifled breech-loading 
General Sir William (then Captain) Con- | guns introduced about 12 years ago, and 
greve was sent to Plymouth to examine | a modified kind was therefore adopted, on 
the gunpowder with which the Fleet was | the recommendation of Sir William 4rm- 
then supplied, on which occasion he re-| strong. The modification consisted in 
ported that there were only 4 barrels of | making the powder much larger* in the 
serviceable powder in the whole of His | grain, and, in addition, coating it with a 
Majesty’s ships. This state of affairs was | thin film of graphite, so as further to re- 
no doubt due to the fact that the country | tard its combustion, and thus to reduce 
was then entirely dependent on private | the strain upon tke breech-closing me- 
manufacturers for its supply of powder, | chanism of the gun. 
and that the proof to which it was sub-| This new powder was at first called 
jected was not such as to insure its being | “ A,,” but its name was afterwards chang- 
of good quality. On discovery of the gross! ed to “ R.L.G.,” or “ Rifle Large Grain” 
frauds which were thus being carried on | powder, when its use was extended to 
with impunity, the Government Gunpow- | both muzzle-loading and breech-loading 
der Factory at Waltham Abbey was es- | rifled guns. Now, at the time of the in- 
tablished, and,under the able superintend- | troduction of this modified powder, the 
ence of Sir W. Congreve, the quality of | means of testing the action of the charge 
the powder supplied to the army and navy | in the bore of a gun were very imperfect, 
was greatly improved. / and the change then made was founded 

From this date until the general intro- | almost entirely upon theoretical consid- 
duction of rifled guns in 1860, very little | erations. In order to understand these, 
progress was made towards the develop-| and also the results of more modern ex- 
ment of this important manufacture, the | periments, it will be necessary to say a 
only changes being in the direction of im- | few words on the subject of the combus- 
provements in the preparation and purifi- | tion of gunpowder. 
cation of the ingredients, the qualityof| In the first place, it must be borne in 
the finished powder being thereby im-! mind that gunpowder, unlike nitro-glycer- 
proved, while its character remained un-| ine, fulminate of mercury, and other det- 
altered. During the whole of this period | onating substances, is not a chemical 
the description of powder used with all) compound, but only a mechanical mixture. 
cannon, was what is technically called “ L. By the incorporating process during 
G.,” or “Large Grain,” in contradistinc- | 
tion to “F. .G.,” or “Fine Grain,” which * The size of grain in ‘‘L.G.” powder is such, that it will 
was used with small arms and muskets ; | pass througha sieve of 8 meshes to the inch, and be retained 
but this powder was believed to be t00 | powder are between a d-mosh and au Sesh sieve. 
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manufacture, the three substances of which 
powder is composed—saltpetre, sulphur, 
and charcoal—are so intimately mingled 
that the eye cannot detect the presence of 
any one of them in a free state. They 
are, notwithstanding, only mixed, and the 
saltpetre can be readily dissolved out by 
water, or the sulphur sublimed, in the 
form of vapor, by the application of a 
moderate heat, leaving in either case the 
other two ingredients chemically un- 
changed. The more intimate the mixture, 
the more nearly does gunpowder approach 
to a chemical compound, and the more 
violent is its combustion ; but there al- 
ways must remain a vast difference be- 
tween the most complete mechanical 
mixture and the most unstable chemical 
compound. 

For this reason, the combustion of gun- 
powder is only very rapidly progressive, 
and not instantaneous, as is the case with 
the violent explosives mentioned above. 
It is this difference that renders gunpow- 
der so valuable as a propelling agent, for, 
were it not for its comparatively nild 
action, no gun could be made sufficiently 
strong to resist its force. The material 
of the cannon would be broken before the 
inertia of the shot could be overcome. 

Now, supposing one grain or particle 
alone to be ignited, it will be first inflamed 
over its whole surface, and the progressive 
combustion will take place from the ex- 
terior to the interior. Its rate of combus- 
tion will therefore depend upon both its 
sh*pe and size, leaving out entirely for 
the present the question of density and 
hardness. A particle of spherical or cu- 
bical form will expose less surface to igni- 
tion, in proportion to its volume, than one 
of an elongated or flat shape, and will 
consequently require a longer period for 
the combustion of ‘its entire mass; the 
larger the particle also, the longer will be 
the time required for its consumption. 
Looking, then, at one grain of powder by 
itself, we may safely say that the larger it 
is, and the more nearly does its form ap- 
proach to that of a sphere, the longer will 
its combustion take, and the slower will 
be the evolution of the gas. When, how- 
ever, we come to regard the action of an 
aggregation of such particles, as in the 
charge of a gun, the rate of ignition of the 
whole charge is also affected by the size 
and shape of the grains. The part ofthe 
charge first ignited is that near the vent, 





or touch-hole, and the remainder is in- 
flamed by contact with the heated gas 
generated by the combustion of this por- 
tion, so that the rate of ignition of the 
whole mass will be regulated by the great- 
er or less facility with which the gas can 
penetrate throughout the charge, which 
is itself dependent upon the size and 
shape of the interstices between the grains. 
If the grains be spherical and regular in 
form, the interstices will be comparatively 
large and uniform, and the gas will pene- 
trate the mass with facility ; again, the 
larger the grains, the larger the interstices 
between them. If, on the other hand, 
they be fat or flaky and irregular in shape, 
the passage of the gas will be more diffi- 
cult, and the rate of inflammation of the 
charge reduced. 

We see, therefore, that the considera- 
tions which affect the more or less rapid 
combustion of an individual grain of gun- 
powder also affect the rate of ignition of 
a charge of such grains, but in an opposite 
direction ; so that a form of grain which 
will individually burn rapidly may offer 
an increased resistance to the passage of 
the heated gas through the charge, and 
thereby retard its ignition, while a grain 
which will barn more slowly may allow 
of the charge being more rapidly ignited. 
By varying the size and shape of the 
grain alone, a powder may therefore 
be obtained a charge of which shall 
be ignited rapidly throughout but 
burn comparatively slowly, or one 
which shall be ignited more slowly, but 
when once inflamed burn very rapidly. 
It is necessary to draw a clear distinction 
between a rapidly igniting and a quickly 
burning [powder ; this difference will be 
more apparent when we come to the dis- 
cussion of more modern powders. 

The grains in both L.G. and R.L.G. 
powder are very irregular in shape, and 
the latter is double the size of the former, 
so that the individual grains will burn 
more slowly. It was, therefore, believed 
on theoretical grounds that the larger 
powder would exert a less violent strain 
upon a gun, and it was adopted, as we 
have said, for our rifled guns, the question 
of density being regarded at that time as 
of minor importance, though it was al- 
ready attracting some attention. It has 
since been conclusively proved by experi- 
ments that the density and hardness of the 
grains of powder are of quite as vital im- 





en 


eS wh ee ee, 


SS 


wFefYW |Y 


=m SK OO ret ms 


—Ooos <- = 


r, 








MODERN CANNON POWDER. 291 





portance as their size and form, in de- 
termining the rate of ignition and com- 
bustion of a charge. 

The density depends on the amount of 
eget to which the powder meal has 

een subjected during manufacture, while 
the hardness is greatly affected by the 
amount of moisture present in the meal 
when pressed ; one term applies to the 
mass, while the other refers more parti- 
cularly to the surface of the grains. A 
dense powder may be generally stated to 
be a slow-burning powder, while a hard 
one is slow lighting. Density retards the 
combustion, both because there is more 
matter in the same volume, and con- 
sequently more powder to be consumed 
in proportion to the ignited surface of 
the grain, and also because the heated 
gas finds greater difficulty in penetrating 
the solid mass of the grain. A hard 
powder need not of necessity be very 
dense; it is even possible, by pressing it 
in a moist state, to obtain a very hard 
powder which shall at the same time be 
lighted and porous in the interior of 
the grains. Such is the Russian pris- 
matic powder (of which more hereafter), 
and it may be taken as a good specimen 
of a slow lighting but quick burning 
powder. 

With the improved appliances now used 
in testing powder, the quality of the large 
stock of L.G. and R.L.G. in store in 
this country has been found to be very 
variable, principally due to variation in 
the density of different brands. Previous 
to the year 1868, the proof to which all 
cannon powders were subjected was very 
imperfect, and failed utterly in insuring 
uniformity in those passed into the ser- 
vice. The density was only roughly as- 
certained by the process of ‘ cubing,” as 
it was called, while the strength and uni- 
formity of the powder was tested by the 
“Mortar Eprouvette.” “Cubing” con- 
sisted in weighing a cubic foot of the 
powder, a box made to hold that amount 
being filled by pouring the substance 
loosely into it; the weight therefore de- 
pended, to a great extent, upon the close- 
ness with which the powder packed itself, 
as well as upon the absolute density of 
the grains. The shape of the grains, and 
the amount of glaze the powder has re- 
ceived, affect the closeness with which it 
packs itself, and would therefore lead to 
errors in, determining the density in this 


way. At the present time the density is 
accurately arrived at, by means of a mer- 
cury densimeter, in which the weight of 
a given volume of powder is compared 
with that of an equal volume of mer- 
cury; the density of mercury (corrected 
according to the readings of a barome- 
ter and thermometer at the time) being 
known, that of the powder is easily cal- 
culated. 

In the “Mortar Eprouvette” a round 
shot, weighing 68 lbs., was fired from an 
8-inch mortar with a charge of from 
2 to 3 oz. of the powder under examina- 
tion, and the range of the shot from the 
muzzle of the mortar was measured. The 
greater the range the better was the pow- 
der believed to be, the only limit being a 
low one. The fallacy of this belief was 
proved beyond a doubt as early as the 
year 1864, by comparing the velocity of 
shot fired with different powders, by 
means of the accurate instruments then 
generally in use for that purpose. It was 
then found that powders which gave the 
best results in very small charges fired 
from a mortar were often very inferior 
when fired in comparatively large charges 
from guns, and the immediate adoption 
of a new proof of powder, by measuring 
the velocity of shot fired under service 
conditions, was strongly recommended. 
This recommendation was not, however, 
carried out until four years later, when 
Colonel Younghusband, the present Su- 
perintendent of the Government Gun- 
powder Works at Waltham Abbey, intro- 
duced the velocity proof which is now in 
force. The instrument used at Waltham 
Abbey for measuring the velocity of a 
shot is an electroballistic chronoscope, in- 
vented by Captain Le Bouleugé, of the 
Belgian Artillery, which surpasses all 
similar instruments in simplicity and 
facility of manipulation, though the prin- 
ciple upon which it acts is the same as in 
others. In it electricity is employed to 
record the exact instant at which the shot 
passes two points at a kuown distance 
apart, a short space in front of the gun. 
From this the time occupied by the shot in 
traversing the distance between these two 
points is known, and the velocity with 
which it is moving is readily ascertained, 
and affords a direct indication of the 
strength and uniformity of the powder. 
Every kind of powder now passed into the 





service is subjected to this proof, in addi- 
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tion to being tested by the mercury densi- 
meter. 


mittee did not consider that the subject 


|of gunpowder had been exhausted by 


We have stated that R. L. G. powder them, and closed their report with a re- 
was adopted in 1860 for our breech-| commendation that “ systematic artillery 


loading guns, and that its use was after- 
wards extended to the charges of all rifled 
guns. 

When, however, the size of our heavy 
ordnance was increased more and more, 
it soon became apparent that even this 
powder was totally unfit for the large 
charges then used, and its violent action 
earned for it abroad the unenviable sob- 
riquet of “poudre brutale.” 

In the year 1858 the gunpowder ques- 
tion was referred to a committee, compos- 
ed of the Superintendent of the Royal 
Gunpowder Factory, the Superintendent 
of the Royal Laboratory, and the Chemist 
to the War Department, and it was, in 
fact, some of the earlier experiments of 
this committee that led to the introduc- 
tion of A, or R. L. G. powder. The 


means at their disposal for determining 
the manner of combustion, and the pres- 
sure exerted upon the gun by different 
kinds of powder, were very limited. 


Nevertheless, the conclusions,they arrived 
at, as set forth in their repurts of 1859 
and 1866, were very correct, and have 
been entirely corroborated by subsequent 
researches. As early as 1860 they had 
satisfactorily proved that the density and 
hardness of powder exercise an important 
influence on its character, and in all their 
subsequent experiments these points were 
strictly attended to. In their final report 
(1866) they recommended the adoption 
of a cylindrical “ Pellet” powder of a den- 
sity between 1.492 and 1.50, but pressed 
comparatively wet, so that, though light, 
the powder should be rather hard. This 
powder was adopted entirely upon ex- 
periments carried on with various natures 
of Armstrong breech-loading guns and 
smooth-bored mortars, and it is evident 
that a light, but hard, powder, such as 
this is, which would be slow lighting but 
quick burning, would be exactly suited to 
breech-loading guns, in which the initial 
resistance of the tight-fitting, lead-coated 
projectile is very great, as the lead has to 
be bodily forced forward into the grooves 
of the rifling. 

The pellet form was recommended prin- 
‘cipally as a convenient method of making 
a large grain powder of considerable uni- 


formity in size and density ; but the com- ' 





experiments should be instituted with 
this pellet powder, of a sufficiently com- 
prehensive character to test thoroughly 
the system.” 

In the meantime, while the labors of 


' the committee were still progressing, other 


experiments were being carried on in this 
country. In 1863-4 a proposal was made 
to press granulated powder into discs the 
size of the bore of the gun, and perforated 
with holes to facilitate the passage of the 
gas. These discs varied in thickness from 
2 to 3 in., and were made of powder of 
various-sized grains, the amount of the 
compressing force differing in different 
specimens. The results of these trials 
were not sufficiently satisfactory to lead 
to the adoption of this form of powder. 
About the same time a similar description 
of powder, proposed by Dr. Doremus, an 
American, was tried unsuccessfully, both 
in America and in this country; and again, 
in 1866, discs—made by compressing the 
powder meal—gave even less satisfactory 
results. 

The Americans, about this period, in- 
troduced an irregular large grain powder, 
which they called “ Mammoth,” and still 
use in the large charges fired from their 
enormous cast-iron smooth-bored guns, 
to which they obstinately adhered for years 
after the remainder of the civilized world 
had been armed with rifled ordnance of 
wrought-iron or steel. The size of this 
powder ranges from 0.15 in. to 0.30 in. 
and its density is very moderate, being 
1.70 to 1. 75. 

“Prismatic” powder appears, also, to 
have been tried in America in 1865 ; it 
had already been fired with good results 
from the heavy steel breech-loading guns 
which the Russians and Prussians have 
obtained from Messrs. Krupp, of Essen. 
This powder is shown at Fig. 2, Plate L., 
being made in the form of regular hexa- 
gonal prisms about 1 in. thick and 0.8 in. 
in the side, perforated with 7 holes about 
0.1 in. in diameter. In making up charges 
of this powder, the prisms are built up 
regularly in the cartridge bags, like honey- 
comb, which are then tightly tied at the 
mouth, so that the grains are kept firmly 
in their place. The perforations thus 
form long tubes through the. charge, 
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by which the gas permeates the whole ! latter was first used as a smooth bore, and 


mass. 

The powder meal is pressed into the 
shape of these prisms in a very moist 
state, but the pressure is not great, as the 
density of the finished puwder is only 
1.67. The surface is, however, very hard, 
and being, to a certain extent, covered 
with a film of saltpetre, which is deposited 
by the moisture when the powder is dried, 
it is comparatively difficult to ignite ; 
when once inflamed it burns very rapidly, 
being light and porous, and in this respect 
is very like the pellet powder recommend- 
ed in 1866, being particularly suitable for 
breech-loading guns. Though this pellet 
powder was decidedly a step in the right 
direction, as the strain upon our guns was 
considerably reduced by its use, it was 
only nominally adopted into the service 
in 1867, and was never issued either to 
our ships or batteries. The reason for 
this was, that there existed no machinery 
for manufacturing a sufficient supply, and, 
while the necessary machinery was in 
preparation, the results of the experiments 
of the present Committee on Explosives 
led to its abandonment in favor of “ peb- 
ble” powder. 

This committee was appointed in May, 
1869, to inquire generally into the value 
of various explosive substances, such as 
gun-cotton, nitro-glycerine, etc., in use, 
or proposed, for military purposes, and 
more particularly into the powder ques- 
tion, in which, through mismanagement 
rather than ignorance, we had fallen be- 
hind the rest of Europe. They at once 
entered on an extended series of experi- 
ments, with a view to the “ determination 
of the description of gunpowder whose 
employment in large charges is attended 
with the least risk of overstraining the 
heavy guns” we now employ, and have 
rendered two preliminary reports on this 
subject*. From these it appears that no 
less than 40 descriptions of British and 
foreign powders have been fired in large 
charges from heavy guns, out of which 
number 4 varieties were selected for fur- 
ther experiments. 

The guns used in these experiments are 
an 8-in. wrought-iron smooth bore of 6} 
tons, and a 10-in. gun of 18 tons; the 





* “ Preliminary Report of the Committee on Explosive Sub- 
Stanees ’’ ; printed at the War Office, February, 1870 ; and 
Progress Report of the same, January, 1871, 





afterwards rifled. 

The means employed by the committee, 
in the investigation of the action of the 
large charges fired from these guns, are 
very ingenious, and may be briefly de- 
scribed as follows : 

1. The determination of the time taken 
by a projectile in traversing various in- 
tervals within the bore of the gun, which 
was effected by means of a chronoscope 
invented by Capt. A. Noble, a member of 
the committee, and made at the Elswick 
Ordnance Company’s Works. This will 
be described hereafter. 

2. The determination of the pressure 
directly, by means of Rodman’s pressure- 
gauge fitting on the exterior of the gun, 
and communicating with the interior of 
the bore by means of a hollow screw- 

lug. 

3. The determination of the pressure 
directly, by means of an inner gauge 
termed a “ crusher,” which was designed 
by the committee to overcome certain de- 
fects inherent in the Rodman gange. 

4, The determination of the velocity of 
the projectile after leaving the gun, by 
means of Navez-Leur’s or Le Bouleugé’s 
electro-ballistic apparatus, commonly used 
for this purpose. 

The principle of action of the chrono- 
scope consists in registering, by means of 
electric currents, upon a recording sur- 
face, travelling at a uniform and very high 
speed, the precise instant at which a shot 
passes certain defined points in the bore. 
The instrument may be divided into two 
portions : the one consisting of the me- 
chanical arrangement for obtaining the 
necessary speed, and keeping that speed 
uniform ; the other forming the electrical 
recording arrangement. 

The first consists of a series of thin 
metal discs, each 36 in. in circumference, 
fixed at intervals upon a horizontal shaft, 
which is driven at a high speed by a 
heavy weight, arranged according to a 
plan originally proposed by Huyghens, 
through a train of gearing multiplying 
625 times. The driving weight is contin- 
ually wound up during the experiment by 
means of the handle, and the requisite 
speed is obtained by accelerating the mo- 
tion by the handle. The precise rate at 
which the discs are moving is ascertained 
by the stop-cock, which can, at pleasure, 
be connected, or disconnected, with the 
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revolving shaft, and the time of making 
any number of revolutions of this shaft 
can be recorded with accuracy to the 75 
part of a second. 

The speed attained is generally about 
1,000 in. per second linear velocity at the 
circumference of the revolving discs, so 
that each inch represents the 1-1,000th 
part of a second, and, as the inch is sub- 
divided by the vernier, into a thousand 
parts, a linear representation is thus ob- 
tained at the circumference of the discs 
of intervals of time as minute as the one- 
millionth part of a second. As a small va- 
riation in speed would affect the rela- 
tions between the several records obtained, 
the uniformity of rotation is ascertained, 
on each occasion of experiment, by 3 ob- 
servations—one immediately before, one 
during, and one immediately after the 
experiment, the mean of the 3 observa- 
tions being taken as the average speed. 
The accuracy of the workmanship in the 
instrument is shown by the great degree 
of uniformity at which the speed is main- 
tained. The Report gives the observa- 
tions in 6 consecutive rounds; in 2 of 
these the speed was absolutely uniform, 
while the greatest variation in any round 
is as follows : 


observation. 625 revs. made 


in 21.2 secs, 
20.9 * 


‘ ‘ “ ai 


20.7 *« 


3d “ “ec “ “ec 


The arrangement for obtaining the elec- 
trical records is as follows :—The edges of 
the discs are covered with a strip of white 
paper, and each is connected with one of 
the secondary wires of an induction coil. 
The secondary wire, carefully insulated, is 
brought to a discharger, opposite the edge 
of its corresponding disc, and is fixed so 
as to be just clear of the latter. The sur- 
face of the paper on the discs is coated 
with lamp-black, so that the passage of a 
spark from the discharge to the dise burns 
away the black, and marks the spot per- 
forated by exposure of the white paper 
beneath. 

In order to connect the primary wires 
of the induction coils with the bore of the 
gun, so that they may be cut by the shot 
in its passage, the gun has been tapped in 
a number of places for the reception of 
hollow steel plugs, carrying at the end 
next the bore a cutter which projects 
slightly into the bore. This cutter is held 
in position by the primary wire, which is 





carefully insulated and passed down the 
plug, through the cutter, and back ont of 
the plug, the ends being connected to the 
main wires leading to the induction coils. 
When the shot reaches the point where a 
plug is screwed in, it presses the cutter in 
flush with the bore, and, by so doing, cuts 
the primary circuit, thereby causing an 
induced spark to pass from one of the dis- 
chargers to the ccrresponding disc. As 
each plug is reached, a spark is delivered 
on the disc in connection with it, and thus 
the passage of the shot up the bore is re- 
corded at regular intervals. By means of 
the micrometer, v, the distance between 
the sparks on the discs is read off, each 
spot being brought in succession exactly 
opposite the discharger belonging to the 
dise it is on; the speed at which the discs 
are moving being known, the time occu- 
pied by the shot in passing from one point 
to another is readily ascertained, and its 
velocity of translation calculated. 

In order to test the accuracy of the in- 
strument, it is only necessary to cut the 
whole of the primary wires simultaneously, 
when the whole of the sparks should be in 
one straight line, and the deviations from 
a straight line, that is, from an absolutely 
simultaneous record, give the instrumental 
errors. 

Great difficulties were experienced in 
securing a simultaneous rupture of the 
primary wires, and only two methods were 
found at all satisfactory. One arrange- 
ment was to cut the wires by a flat-headed 
bullet fired from a rifle, across the muzzle 
of which they were all tightly stretched ; 
in the other they were all wound round a 
detonating fuze, the explosion of which 
severed them almost instantaneously. A 
number of the observations thus obtaine:l 
are given in the Report, and the errors— 
including those due to the impossibility 
of obtaining an absolutely instantaneous 
rupture of all the wires—seldom exceed 
0.000003 sec., while the maximum error is 
only 0.00002 sec.! 

In addition to the holes tapped to receive 
the cutting-plugs already described, the 
gun is also bored to take a number of 
Rodman or “crusher” gauges. When any 
of these holes, which are 21 in number, 
were not required in the experiments, they 
were filled with solid steel plugs. The 
Rodman pressure gauge consists of 
a piston, working in a hollow screw 
plug open to the bore, the outer end of 
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which carries a pointed knife, against | To remedy this defect the “ crusher ” 
which a piece of copper is placed. When | gauge was devised by the Committee 
the gun is fired, the gaseous pressure on | (see Fig. 3): the reduced dimensions of 
the base of the piston forces the knife into | this instrument allow it to be placed so 
the copper, and the indent is a measure of | close to the bore of the gun that the gas 
the pressure which has acted on the base | has no space to travel before reaching the 
of the plug. In this instrument the gas| piston. It consists of a screw-plug of steel, 
has a considerable space to travel between | having a movable base which admits of the 
the powder chamber and the piston; thus, | insertion of a small copper cylinder, B. 
before reaching the latter it attains a high | One end of this cylinder rests against an 
vis viva, especially in quick burning pow- | anvil, a, while the other is acted upon by 
ders, and acts upon the piston more like | a movable piston, c, which is kept tight 
a blow than a pressure, and the records | against the cylinder by the spring, 7. The 
are therefore much higher than should be | cylinder is retained in the centre of the 
the case. chamber, c, d, e, f, by a small watch-spring. 


ELEVATION 





diussian Prismatic Powder 
(fall sxe) 





Fig.1 
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A gas-check, p, is inserted against the|the copper against the anvil, and, the 
lower extremity of the piston, and should | amount of pressure required to produce a 
any gas get past this there are passages by | definite amount of compression of the cop- 
which it can escape into the open air.| per having been determined by previous 
Upon the explosion of the charge the gas, | experiments, the pressure on the piston is 
acting on the area of the piston, crushes|at once ascertained. The area of the 
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copper cylinders used in the 8-in. gun was 
1-12th of a square inch, and that of the 
piston 1-6th of a square inch. 

We have stated that 4 varieties of pow- 
ders were chosen out of a large number 
for farther experiment : these were—R. 
L.G. service powder, pellet service pow- 
der, Russian prismatic powder, and “ peb- 
ble” powder No. 5. When fired from the 
8 in. gun, in charges which best suited 
each kind of powder, the following re- 
sults were obtained :— 








Muzzle Maximu 


Nature of Powder. | Charge. 


Velocity. | Pressure. 





Lbs. 
30 
82 
30 

35 


Feet. 
1324 
1366 
1338 
1374 


1S. ae 
Russian Prismatic . . 
Service pellet. ...... 
Pebble No. 5........ 











From this table it is evident that the 
Service R.L.G. is far inferior to all the 
others, while the pebble is manifestly the 
best. 

“ Pebble” powder, so called from its re- 
semblance to small black pebbles, was first 





tried in Belgium, but the powder which 
gave the above satisfactory results is an 
improvement on the foreign powder, be- 
ing more uniform in size and density. It 
consists of irregular cubes, having edges 
from 5-8ths to 4-8ths in. in length, made 
by cutting up the “ press-cake” into the 
required form ; the powder is as usual 
glazed in a revolving barrel, which opera- 
tion removes the sharp edges. Its man- 
ufacture is therefore very simple, little or 
no new machinery is required for its pro- 
duction, and it is cheaper than any of the 
other descriptions. Its density is high, 
about 1.8, but owing to its large size and 
comparatively uneven surface it is a quick 
lighting powder : the whole charge (if of 
the proper form) is quickly and uniform- 
ly lighted, and the maximum pressure in 
the powder chamber is consequently even 
throughout its surface, while with pow- 
ders which are both quick lighting and 
quick burning, like the old L.G. and R. 
L.G., intense local pressures, varying in 
different parts of the chamber, are pro- 
duced. As an example of this the follow- 
ing results obtained in the 10 in. gun in 
its smooth bore state are given. 








Powder and Charge. 


Muzzle 
Velocity. 


Pressure per Square inch by Crusher Gauge at. 





A. B Cc. 
Axis of Bore. |Centre of Charge.) Front of Charge. 








L. G. 60 Ibs 6 
PE TE i ccncerncesseneseeees 8 
Pebble 70 Ibs 6 








Feet. 
1273 
1377 
1435 


Tons. 
29 
21 
23 


Tons. 
49 
21% 
22 














The explanation of these local pressures 
caused by quick burning powders is very 
clearly stated by Captain A. Noble, in a 
paper read at the Royal Institution, on 
the “ Tension of Fired Gunpowder,” and 
may be expressed briefly as follows :— 
The products of combustion of the first 
portion of the powder inflamed, in travel- 
ling from one end of the chamber to the 
other, attain a very high velocity before 
meeting with any resistance, and the re- 
conversion of the vis viva thus acquired 
into pressure at the base of the shot and 
the end of the bore, gives rise to the in- 
tense local pressures at those points, 
while the rapidity of combustion of the 
powder at that part of the charge is prob- 
ably enormously accelerated by the ten- 





sion under which it is exploded. “ The 
time during which these abnormal pres- 
sures are kept up must be exceedingly 
minute, even when compared with the in- 
finitesimal times we are considering ; for 
we find the chronoscope pressure, which 
may be regarded as representing the mean 
of pressures of a violent oscillatory chur- 
acter, hardly altered at all, even although 
the local pressures are increased 50 per 
cent. 

In the figure a representation is given 
of the pressure curves calculated from the 
chronoscope observations, and in the fol- 
lowing table the pressures in tons shown 
by the crusher gauge are compared with 
those obtained by the chronoscope in the 
10 in. gun. 
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The letters and numbers refer to the | strict. Not only must the powder be very 
plugs, reading from breech to muzzle, and | uniform in size and density of grain, but 
it is evident that, with the mild kinds of | it is also further tested by firing battering 
powder, the mean maximum pressure in | charges (35 lbs.) of every supply from an 
the powder chamber, and also the pres- | 8-in. gun, when the pressure in any part 
sure at different parts of the gun, arrived | of the powder chamber must not exceed 
at by these two perfectly different methods | 20 tons on the sq. in., and the variations 
of observation, agree very closely ; while | in velocity must be comprised within nar- 
the intense local, or wave, action of the | row limits. By thus severely testing the 
violent R.L.G. is also very apparent. The , whole of our supply of this new powder, 
intensity of this local action depends, the committee are able to insure that it 
moreover, ina great measure upon the | shall nev.r depart in any important de- 
length of the cartridge ; if this be exces- gree from the required standard. The 
sive, these objectionable strains at once admirable results obtained in the 8-in. and 
begin to appear even in the case of pellet 10-in. gurs with pebble powder have been 
or pebble powder, as has been clearly | maintained in all the heavier natures, in- 
demonstrated in the 11.6-in. 35-ton gun, | somuch that the use of this powder, while 
firing 120 and 130 lbs. of powder, andalso materially reducing the strain upon the 
in the 10-in. gun when tried with proof- guns below that caused by R.L.G., has at 
charges of 87.5 lbs. the same time augmented their power to 

The specification upon which pebble a very considerable extent, as shown in 
powder is received from the trade is very | the following table : 











Mean Pressure 


per Square Total Energy 
Charge, Ibs. Inch in Powder Muzzle Velocity. of Shot. 
Nature of Gun, Chamber. 





R.L.G. | Pebble. | R.L.G. | Pebble. | R.L.G. | Pebble. | R. L.G. | Pebble. 








Lbs. Lbs. Tons. Tons, Feet. Feet, Ft -tons, | Ft.-tons 
12 in., 25 tons... ... 67 85 23 19 1180 1300 5793 7030 
. desl. seer 60 70 32 23 1298 1364 4693 5160 
tt 2. 43 50 21 15 1336 1420 8094 3496 
oS eo éacues 80 35 30 20 1363 1413 2319 2492 
a Gee 268 ss. 22 30 17 10 1430 1525 1631 1855 





























With this, the result of the experiments | rest by the committee’s researches, while 
of the last fourteen years, we will leave | there are others which they are at the 
the subject, though there are many other | present moment investigating. 
points of scientific and practical interest | At one period, as we have already stated, 
to artillerymen which have been set at this country was allowed to fall behind 
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some foreign nations in the all-important 
question of powder for heavy guns, and 
the capabilities of our magnificent Naval 
Ordnance were sacrificed, and their en- 
durance endangered, by the use of a vari- 
able and violent powder. All this has now 


been set right, and it is satisfactory to feel 
that our ships and forts are not only arm- 
ed with the best guns in existence, but 
that they are also being rapidly supplied 
with a powder in every respect suitable 
for their use. 





A DECADE OF STEAM ROAD-ROLLING IN PARIS. 


From “ The Engineer,”’ 


That great improvement in ordinary 
macadamization, consisting in rolling the 
layers of broken stone by heavy steam 
rollers, is now making comparatively rapid 
headway in England. The process is at- 
tracting such attention that a valuable 
paper on the subject, contributed by a 
French company, Messrs. Gellerat and Co., 
of Paris, which has given the initiative, 
will be studied with interest by many. 
The municipalities of Liverpool, Glasgow, 
Manchester, Leeds, Sheffield, and Maid- 
stone, and others, now possess and use 
steam road-rollers, and the process has 
already been tried on a more or less exten- 
sive scale in at the very least 7 metropoli- 
tan districts. 


THE CONTRACT WITH THE CITY OF PARIS. 


As long ago as 1860 experiments in road- 
rolling by steam engines were made in 
Paris. These experiments, again taken 
up in 1864, and continued by Messrs. 
Gellerat and Co., induced, in consequence 
of comparative trials between horse road- 
rolling and steam road-rolling, the engi- 
neers employed by the Paris municipality 
to conclude, in 1865, a contract with the 
company. This has given both extension 
and a regular and permanent character to 
the application of this process. The con- 
tract, made for 6 years, obliges the com- 
pany to keep permanently at the disposal 
of the city of Paris 7 steam road-rollers 
of the construction patented by them. 
These rollers are principally intended for 
rolling the macadamized roads of Paris 
and of the Bois de Boulogne and Bois de 
Vincennes ; but they can also be used for 
setting paving stones and for rolling the 
foundations of paved roads. The contract 
fixes the maximum and minimum diame- 
ters of the 2 carrying rollers of each en- 
gine, the maximum width of the machine, 
the speed of travel of the engines, and the 
weight per metre run of the width of the 





external diameter of the carrying rollers. 
The work done is paid in the compound 
ratios of the distance traversed by the 
engine at work on broken stone to be roll- 
ed, and of the weight of the engine itself. 
The unit of the accounts is the kilometric- 
tonne ; that is to say, 1,000 kilogrammes 
of the weight of the engine carried a dis- 
tance of 1,000 metres. This unit is paid 
for at the rate of 0.50 f. during the night 
and 0.45 f. during the day. As regards 
the average weight of the engines, it is 
determined by weighing, checked by both 
parties to the contract, and the distance 
passed over is given by a counter driven 
off the rollers. 


THE DISTINCTIVE CHARACTER OF THE PARISIAN 
STEAM-ROLLERS. 


The distinctive qualities of the rolling 
engines employed in Paris are :—The en- 
tire utilization, for the progression of the 
machine, of its weight; and the identity of 
the front and hind parts of the engine—an 
identity which allows it to work with the 
same ease in both directions, and, conse- 
quently, to advance in either direction 
without turning round. The 2 carrying 
rollers are both drivers, and are propelled 
in the same way, but separately, by the 
steam engine. We have to add that the 
engines can turn in a minimum radius of 
from 10 to 15 metres—32 it. to 48 ft— 
according to their dimensions. Thus, with 
their power of going either backwards or 
forwards, this allows them to work in the 
most narrow streets and to pass the sharp- 
est corners. The application of the whole 
weight for obtaining adhesion gives the 
Gellerat Company’s engine great traction 
power, a power often entirely called into 
play, especially when the metalling is of 
bad quality and the foundation of a yield- 
ing nature. A steam road-roller without 
this power would often be incapable of 
moving itself on freshly laid metalling, 
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and, a fortiori, of dragging itself out of 
the many difficult positions to be encoun- 
tered in making new roads. The average 
weights of the Gellerat engines, in the 
order in which they are used, are 17, 34, 
and 30 tonnes of 1,000 kilogrammes—in 
English weights, 16 tons 14 ewt. 2.5 qr.; 
25 tons 12 ewt. and 1.6 qr.. and 29 tons 10 
ewt. and 2.094 qr. respectively. The 
weights per metre run of the rollers are 
6,000 kilogrammes for the smallest en- 
gines, and 8,000 kilozgrammes for the two 
other sizes. Engines of these graduated 
sizes have been able to execute all the 
work which has offered itself up to this 
day. The lighter engines are more par- 
ticularly suited for new work under diffi- 
cult conditions; the heavier rollers, which 
can also be used on new work, are more 
suited for maintaining roads. They can 
roll in a single night a very considerable 
road surface. The maximum speed with 
which the engines are to work has been 
fixed at 4 kilometres, or 2 miles 854.5 yards 
per hour. This speed, but seldom attain- 
ed, is still less commonly exceeded. We 
may estimate, as a general rule, the speed 
of 3 kilometres, or 1 mile 1,520 yards per 
hour as the average velocity developed 
from the beginning to the end of an ordi- 
nary day’s work. Rather less at the be- 
ginning, when the draught is considerable, 
it increases with the degree the binding 
of the road approaches completion. 


WORK DONE IN PARIS, 


Since 1866 there has been steam-rolled 
in Paris a total volume of 32,000 cubic 
metres, or 41,857 cubic yards of metalling | 
of different kinds, such as flints, gravel, ; 
broken stones, more or less hard millstone | 
grit, porphyry, and trap—the last a meta- 
morphic quartz rock. These different 
materials are all rolled in the same way, 
with slight differences depending on the 
manner they behave under the action of 
the rollers. Pebbles and gravel, which at 
the outset are very movable under the 
rollers, form a wave in its front. A small 
quantity of water is sometimes sufficient 
to diminish this tendency ; pebbles bind 
easily with the addition of sand. These 
last materials are cheaper than those gen- 
erally used in Paris, but they are much 
employed for keeping up foe A subjected 
to considerable traffic. Millstone grit, 





still more binding than the preceding 
materials, is easily rolled, and affords an ; 


easy draught and ready maintenance. 
Porphyry and trap, being much harder, 
require to be longer rolled. The crushing 
together of the materials is slower, and 
the binding more difficult ; but when this 
double result is obtained the road offers a 
considerable resistance. On these mate- 
rials the heavier engines are particularly 
efficacious. 


NUMBER OF KILOMETRIC TONNES REQUIRED FOR 
STEAM ROAD-ROLLING,. 


It results from observations made since 
1866 that, on an average, 6 kilometric 
tonnes are employed in Paris to roll one 
cubic metre of any material of whatever 
kind. The amount of load varies accord- 
ing to circumstances, from 3 tonnes, and 
even 2} tonnes, up to 20 and 30 tonnes. 
The necessity for the latter large amounts 
can only be explained by a bad manage- 
ment of the operation, and principally 
by the circumstance that an insufficient 
amount of work is sometimes given to the 
engines for rolling, from which it follows 
that the later hours of the operation are 
badly or not at all utilized. It is now 
recognized that when the operation is 
well conducted it is possible to do excel- 
lent rolling with an expenditure, at the 
most, of from 4 to 5 kilometric tonnes per 
cubic metre rolled. Any little deviations 
are to be explained by the state of the 
weather, by the greater or less quantity 
of the matters of aggregation employed, 
by more or less irregularity in the water- 
ing—in one word, by the mode of work- 
ing. But neither the nature of the mate- 
rials nor the thickness of the layer seems 
to exercise a sensible influence on the re- 
sult, if the rolling of one cubic metre be 
taken as the unit of the work done. 


HOW THE OPERATION SHOULD BE CONDUCTED. 


It is necessary to make. a distinction 
between rolling new roads and rolling 
fresh layers on old roads. New roads 
constructed after the clearing away of old 
houses, as has been so much the case in 
Paris, are difficult to roll. They pass 
over old cellars filled up with rubbish ; 
and the subsidences, which would in any 
case be very unequal, are particularly so 
when the filling up operations are not 
very carefully done, or when substances 
non-homogeneous, or of bad quality, as 
often happens in Paris, are used. It is 
then that the smaller form of engine is 
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employed with advantage; it presses with 
less force on the ground and runs less 
chance of sinking down. The foundations 
of new roads are also often rolled. This 
is sometimes done in two layers, rolled 
one after the other, and in some cases 
only one layer. The first plan is by pref- 
erence employed when the first layer is 
formed of less resisting materials; the 
second when the road is homogeneous. 
These different operations generally pro- 
ceed with ease, provided care has been 
taken not to water too much at the be- 
ginning in order not to excessively soften 
the soil. The rules to be followed for 
watering, sanding, and rolling, do not 
much differ from those applicable to fresh 
coatings of metalling on old road surfaces. 
Fresh coatings used to be and still are 
put down principally during the rainy 
weather of the spring and autumn. Now 
that water is taken over all Paris, roads 
can be coated afresh, and rolled the year 
round, excepting during frost or seasons 
of great drought. When any road has 
arrived at such a degree of deterioration 
as to require a fresh coating of metalling, 
the surface, if the weather is not wet, is 
softened by abundantly watering. The 
picking up is then proceeded with. This 
consists in picking up by means of pick- 
axes the beaten crust of the road in order 
to permit the layer of fresh materials to 
closely bind itself with the existing old 
surface. The work of picking up varies 
with the hardness of the materials com- 
prising the old road. It is often done by 
the piece. Each man tukes a surface of 
from 20 to 30 metres—24 to 35 square 
yards—to pick up during a day or night. 
The work of picking up is hence very 
dear, and is accordingly often dispensed 
with. The workman first of all cuts 
transverse furrows from 0.15 to 0.20— 
about 5 to 7 in. distant from each other, 
and then picks up the road by means of 
smaller furrows perpendicular to the 
first. 

The picking up being completed, the 
materials are brought in carts and dis- 
charged on the road, in such wise as to 
be equally spread over it with the least 
possible labor by means of the shovel. 
The workman then takes the stone from 
the heaps and spreads it over the required 
spots, regulating the thickness according 
to given gauges. An experienced man 
can spread as much as 10 cubic metres— 





13 cubic yards—of materials per day. It 
is also a good thing to have one or several 
workmen to bring back the stones that 
the traffic may chance to carry away on 
to the sides of the road. From distance 
to distance the whole length of the road, 
and on both sides, small heaps of sand 
are so disposed that the sanding can be 
quickly and equally done. In many cases 
the road is watered before beginning the 
operation of rolling; but this watering 
is not always carried out. Other arrange- 
ments adopted by the different employés 
charged with carrying out the operation 
of rolling, such as the more or less abun- 
dance, and the succession of subsequent 
waterings, the spreading of the sand at 
the successive stages in which the road 
gets bound, are exceedingly variable, and 
it would be extremely difficult to pre- 
scribe any absolute rule. In this opera- 
tion, as in all others of the kind, there is 
a certain knack, difficult to describe, but 
which is pretty easily acquired, and which 
is not so strictly fixed as to prevent one 
reaching the goal by different ways. The 
only secret in managing the work when 
the sand is of good quality is to atten- 
tively follow the binding of the broken 
stone, and to slacken or increase the 
watering and spreading of the sand on 
the parts where the rolling engine is at 
work. 

The quantity of water to be used is very 
variable, being dependent, as reflection 
will at once show, on the weather. It 
would be difficult to give a strict rule for 
its use. Avoid using too much, espe- 
cially at the beginning of the work, in 
order not to drown the bottoming in the 
course of the operation; use sufficient 
water to make the stone and sand slightly 
moist ; and towards the end, when the 
broken stone is bound, and the moisture 
appears at the surface without penetrating 
to the interior, abundantly water the road 
in order to carry off any sand in excess 
and that to obtain the final smoothness of 
the surface. Such are nearly all the gen- 
eral directions that can be given. As re- 
gards the hogging or sand used for bind- 
ing, that applied in Paris generally comes 
off the road itself, and it is also the 
best. 

It must have binding properties with- 
out being clayey; the cleaner it is the bet- 
ter, provided it is not too sharp. The 
road laborers (cantonniers) obtain it by 
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washing the mud of the road. As to the 
quantity that should be employed in or- 
der to make the best rolled road, this also 
greatly varies in practice. Some throw 
the gravel on from the beginning rather 
plentifully, others only begin to use it when 
the stones are already squeezed together. 
On the first introduction of macadamized 
roads the stones were prescribed to be 
absolutely clean, and the use of any detri- 
tus was severely prohibited. This idea 
has not been adhered to. But generally 
it can be said that it is better to sin in the 
direction of too little than of too much 
binding, and the general tendency in Pa- 
ris is to reduce the use of binding materi- 
als to the lowest quantity possible. Let 
us merely add that, as regards both sand 
and water, there is no inconvenience 
towards the end of the operation, when 
the binding has taken place, in applying 
much sand or water respectively during 
the last passages of the roller. Any ex- 
cess of sand is carried off by the water. 


THE MANAGEMENT OF THE STEAM-ROLLER. 


The working of the engine remains to 
be spoken of. Weare hereconfronted by 
a rale which is never departed from, 
whether as regards a road being rolled 
along its whole breadth, or only half its 
breadth, though it principally relates to 
the case in which the whole width is being 
rolled. The operation is always begun at 
the sides. The roller at first executes a 
certain number of passages over one of the 
edges of the macadam. When the stones 
begin to be brought together the surface 
is slightly watered from a barrel or by a 
jet, and by means of a spade a very thin 

ayer of the sand provided is spread. At 
each passage the roller is gradually 
brought nearer to the crown of the road. 
The operation is continued in this way for 
some time, and when the one side of the 
road is sufficiently bound the other is be- 
gun with, and brought to the same state 
as the first. The central part is done last 
and in the same mode. Theroller thus 

asses over the whole surface, staying 
onger over those portions less squeezed 
together than the others. During the 
operation the road is moderately sanded 
and watered. As we have said, towards 
the end the excess of water runs to the 
surface, taking with it also any excess of 
binding material. The rollers then pro- 
ducs no impression. By this means a 


| smooth hard road is obtained, and it can 
be at once open to traffic. The heaviest 
carts leave no trace. 


THE ECONOMY THROUGH STEAM ROAD-ROLLING. 


Since the steam roller has been used in 
| Paris the bottoms of the roads have been 
improved and the duration of the surfaces 
has much increased. Some roads which, 
when steam rolling was first employed, 
were covered with fresh metalling and 
rolled every 6 months, are now rolled only 
once a year. This proves a very great 
economy in the metalling. Steam road- 
rolling is done in a much shorter time 
compared with that required for horse 
road-rolling. It thereby much diminishes 
the labor required in the necessary opera- 
tions of watering, sanding, and managing 
the work. At the same time it prevents 
the considerable losses produced by the 
stoppage or the delay of the traffic. This 
stoppage is otherwise always considerable, 
whether the stone be spread without roll- 
ing it, or whether it is rolled with horses. 
This loss represents, even without there 
being very much traffic, a considerable 
sum. With steam road-rolling, which is 
done almost entirely during the night, the 
ends of the streets being closed, only a 
temporary deviation of the night traffic 
takes place, without any additional work 
for vehicles, and with much greater safety 
for the workmen employed in spreading 
the stone, in watering and sanding. 


WORKING CAPABILITIES OF THE GELLERAT COM- 
PANY'S ENGINES. 


According to the indications given above 
as to the weights of the engines, their 
average speed, and the number of kilome- 
tric tonnes necessary for executing well 
rolled work, it is easy to determine the 
cubic contents of the materials that each 
engine, according to its weight, can roll 
per hour. The speed being 3 kilometres, 
and the number of kilometric tonnes re- 
quired per cubic metre of the metalling 
being 4, the cubic contents that can be 
done by each engine is represented by ? 
of the weight of the engines expressed in 
tonnes. Thus :— 


For the engine of 17 tonnes.. 12.75 cub. metres. 
“ee “ce 24 __ eee 18 oe 46 
ag ” 30 -. 22.50 * 


At Paris, where rolling is carried out in 
a very complete mode, the volume of thé 
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materials rolled per hour is less than this. | 
It varies from 8 to 10 metres for the light | 
engines, and rises to 15 and 16 metres for | 
the heavier ones. According to the above 
data, during 10 hours’ work on a layer 10 


in. thick, the surfaces that can be rolled 
are as follows :— 


Engines of 17 tonnes 
“6 24 “ec 


30 





THE ROLLING STOCK OF THE PENNSYLVANIA RAILROAD. 


Written for *‘ Van Nostrand’s Magazine.’”’ 


The following concise statement of the 
construction, capacity, and durability of 
the engines and cars of this important 
line of road, is contributed by Mr. G. 
Clinton Gardner : 


LOCOMOTIVES, 


There are seven classes of locomotives 
designated by the first letters of the alpha- 
bet, each having a large portion of their 
parts interchangeable one class with an- 
other—and, in fact, they are really only 
varieties of 3 well defined types of engines, 
known respectively as the 8-wheeler, 10- 
wheeler, and shifter. 

The A engine, which is the leading 
engine over the Middle and Philadelphia 
divisions of the road, that is, between Al- 
toona and Philadelphia, is an 8-wheeler 
with 17 by 24 in. cylinders, and 5} ft. dri- 
vers, and of this class there are two vari- 
eties, the one differing somewhat in plan 
of boiler and the other having 5 ft. instead 
of 5} ft. driving wheels. 

The distribution of the weight in this 
engine is as follows : 

On forward drivers 


** back ‘ 
** truck 


71,900 Ibs, 


Area of grate 35 x 66% in. 
145 


Number of flues 
Length ‘* 
Outside diameter of flues 
The B engine is a modification of class 
A, having cylinders 18 by 24 in., and 5 ft. 
drivers, with a larger boiler. These are 
called the “Mountain Passenger Help- 
ers,” and are used on the eastern slope of 
the Alleghany Mountains. One of these 
engines assisting a © engine, takes the 
regular passenger train, usualiy of 7 cars, 
of a total weight of 370,000 Ibs., from Al- 
toona to the top of the mountain in 24 
min., a distance of nearly 12 miles, mak- 
inz an ascent of about 1,000 ft. 
Weight of B engine, in working order, 





as distributed as follows: 


On forward drivers 


‘ 


73,100 lbs, 
85 x 72% in. 


Area of grate 
155 


Number of flues 


“ee 


Length 
Outside diameter 

The C engine is almost identical with 
the B engine, differing in the size of cyl- 
inder, plan of boiler and weight of frames, 
being also another modification of the A 
engine. They were designed for mixed 
trains to be used for local and fast freight, 
but have proved to be the most efficient 
passenger locomotives on the road, and 
are now in constant use for that purpose 
on the Pittsburgh division, that is between 
Altoona and Pittsburgh. An idea of the 
power of these engines may be formed 
from the fact that in ascending the west- 
ern slope of the mountain on an average 
grade of 45 ft. to the mile, with a trairt 
of 9 cars, weighing about 487,000 lbs. it 
has frequently evaporated 24 hundred 
gallons of water in less than one hour, 

The weight of the © class is distributed 
as follows: 
On forward drivers 

“ back oe 


23,200 Ibs. 
22,600 * 
25,500 * 
71,300 lbs. 
35 X 72% in, 


15 
11 ft, 34 in. 
2% “e 


Total weight 


Area of grate 
Number of flues 
Length of 
Diameter 


The PD engine is the standard ten-wheel 
freight engine, having cylinders of 18 by 
22 in. with 4} ft. drivers. These engines 
are used on all portions of the road ex- 
cept the mountain. 

The total weight of the D engine, in 
working order, is as follows: 

On forward drivers 


Total weight 
OE I 5 citecccccdtwedccccdbcs sees 
Number of flues 
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The E engine is the standard “ Moun- 
tain Freight,” being a modification of the 
D engine, differing only in the drivers, 
and boiler. The drivers are 4 ft. instead 
of 4}, and the boiler is larger. These 
engines are chiefly in use on the moun- 
tain ; upon the trial of one of them she 
took a train weighing (exclusive of engine 
and tender) 500,000 lbs. from Altoona to 
Gallibzen, a distance of 11 and 8-10ths 
miles, in 35 min., ascending a maximum 
grade of 96 ft. to the mile, making a total 
ascent of 983 ft. The regular load over 
this part of the road is 418,000 lbs. 

The weight is distributed thus: 
On forward drivers 


** main 
*© back 


Total weight 


Area of grate 
Number of flues 
Length “ 
Outside diameter 

The F engine is a 6-wheel shifter with 
cylinders 15 by 18 in. and 44 in. drivers. 
These engines are used in making up, as- 
sorting and distributing the trains at the 
different yards. 


Its weight, in working order, is 63,500 
Ibs., distributed as follows: 
On forward drivers 


* main “ 
** back 


Total weight 


Area of grate 
Number of flues.......... ccssccce 
Length ‘* 
Diameter 

The G engine is a small class designed 
for construction trains and styled “ Light 
Passenger or Ballast Engine.” It has 
cylinders 15 by 22, with 55 in. drivers, 
and is mostly used for passenger and 
mixed service on accommodation trains 
or branch roads. 

Its weight 


On forward drivers 


Area of grate 
Number of flues 
Length ‘ 
Diameter 

With all these classes of locomotives 
the principal castings, such as driving 
boxes, eccentrics, eccentric straps, etc., 
etc. are common, and to give an idea of 





their uniformity it is only necessary to 
state the fact that the number of patterns 
required for one engine is 112, while the 
total number required for the 7 classes is 
only 187 ; this is exclusive of the tender, 
which is alike for all. This, the present 
system of plans and classification has 
been followed since 1867, and the neces- 
sity for establishing some standards be- 
came apparent from the fact that five 
years ago the total number of 380 engines 
comprised 52 kinds, of which there were 
two or more of each and 71 odd engines ; 
that is engines peculiar in some particu- 
lar ; whereas at the present time, when 
the engines number 496, there are but 38 


‘|kinds differing from the 7 classes (with 


many of these varieties of the 7 classes), 
and but 13 odd engines, 
The trucks of these locomotives are of 


. | the variety known as the “swing centre” 


—the socket in which the centre pin or 
pivot of the engine rests has a lateral mo- 
tion instead of being rigid as in the old- 
fashioned truck, and is suspended on 
links so that in passing around a curve of 
350 ft. radius, which they readily do with- 
out straining either the engine or the 
truck, the centre line of the engine lies 
outside of the centre of the truck. The 
lateral motion also reduces the severity of 
a blow from guard rails, frogs, etc., upon 
the flange of the wheels. Chilled wheels 
only are used under all trucks, as it was 
found upon the trial of steel wheels, they 
would not stand the severe labor of guid- 
ing the locomotives over our crooked 
roads. One chilled wheel proved equal 
in wear to three steel wheels, and as the 
breakage of a truck wheel is very rare, the 
chilled wheels in use were thought to be the 
safest. The flanges of chilled wheels are 
soon worn smooth and highly polished, 
whereas those of steel wheels become 
rough and torn, wearing in a short time 
too thin and sharp for safety. 

The driving wheels of the standard en- 


* | gines are of cast iron centres, with hollow 


spokes, counterbalanced with lead, and 
have steel tires, with the exception of those 
of the shifting engine, class F. It was found 
necessary to use chilled tires with these, 
for the same reason that chilled wheels 
were required for the trucks. In design- 
ing these engines, the steel tire being held 
in high estimation, the desire to use them 
whenever possible has been a control- 
ling influence in determining the char- 
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acter of the engine. Having established 
the fact that an engine could not be 
guided by steel flanges, it became ne- 
cessary to place the driving wheels far 
enough back from the cylinders to al- 
low the entire duty of guiding the en- 
gine to be performed by the truck. Nu- 
merous efforts have been made to utilize 
the weight over the trucks for tractive 
purposes, but without success, except in 
connection with chilled tires, and they, 
being a great source of trouble, have 
been avoided as much as possible, not 
on account of breaking, but because they 
became loose and flat. 

The locomotive boiiers are made of soft 
crucible steel, the shell of the larger ones 
being 3-8ths and the other 5-16ths of an 
inch thick. The fire-box or furnace sheets 
are also of steel } in. thick, with the 
exception of the tube or flue sheet, which 
has a thickness of 3 in. and the tubes or 
flues are invariably of number 11 iron ; 
sometimes the flue sheets are made of 
copper, ? in. thick, and the majority 
of the boilers have a combustion chamber 
from 4 to 6 in. long, to avoid exposing the 
thick metal of the flue sheet to the direct 
action of the fire. 

In the construction of these boilers 
there are no braces between the crown of 
the furnace and the roof of the boiler, the 
entire strain on the top of the fire-box 
being borne by the crown bars and thence 
transmitted by the sides to the bottom 
ring. This practice, in use here several 
years, is believed to be stronger than the 
old custom of connecting the crown of the 
fire-box with the roof of the boiler, as it 
is a fact that no boilers have exploded on 
this road in which these braces have been 
left out, whereas the explosions we have 
had were with those boilers having these 
braces. This practice, however, would 
not be safe for copper fire-boxes, as they 
become very weak when old. The old- 
fashioned method of putting in fire-box 
stays is used, and the stay bolts are of 
4 iron spaced 4} by 4} in., or less, screwed 
through the sides and headed over, the 
screws having 12 threads to theinch. The 
furnace is supplied with water-grates, be- 
ing tubes of 1] in. outside , diameter, 
placed 3,, in. from centre to centre. This 
kind of grate has been in use for a long 
time, and will outlast the furnace if kept 
free from mud, and the grate being very 
open, it is rarely necessary for the fireman 





to touch the fire with a poker. Opposite 
each tube there are screw-plugs for wash- 
ing out the watergrates and removing all 
scale or mud that may accumulate, which 
is done at intervals of from 1 to 4 weeks, 
depending upon the water-station from 
which the suply of water is obtained. 
The feed water is supplied by 1 pump and 
1 injector. 

The steel of which these boilers are 
made is tested by having a sample from 
each sheet heated to redness, then plunged 
into cold water; after which, the same 
piece, while cold, is bent double and ham- 
mered flat. This steel does not acquire 
any temper whatever by being heated to 
redness and dipped in cold water, but will 
bend double afterwards just as well as be- 
fore. It is not necessary, however, to have 
the steel so soft, for if it works well and 
can be shaped without cracking, that is 
all that should be required. The flanging 
of our steel sheets is mostly done by a 
charcoal fire, and, after flanging, the 
entire sheet is heated for the purpose of 
straightening it and relieving the strains. 
This is important, as the sheets are liable 
to break if hammered cold without having 
had the strains taken out by heating. The 
tensile strength of the steel used is about 
90,000 lbs. per sq. in. In addition to the 
tires and boilers, much steel is used in the 
other parts of the engines, such as guides, 
connecting rods, crank pins, axles, etc., 
all of which, including the tires, are of 
crucible steel. 

With regard to the service of these en- 
gines the question has been asked, “ what 
is the life or mileage of a steel fire-box ?” 
This as yet can receive no definite an- 
swer. The old fashioned steel fire-boxes, 
such as were built from 1861 to the spring 
of 1867, lasted somewhat longer than 
those made of copper, and upon examin- 
ing the furnace of an engine which had a 
new fire-box of English steel in December, 
1861, and was run until March, 1871, it 
was found in quite good condition, and 
far better than the shell of the boiler, 
which was 17 years old. There was only 
one small patch on the left hand edge of 
the crown sheet, a piece of the flange be- 
ing cut off and replaced by copper. The 
steel in this furnace is so hard as to be 
difficult, if not impossible, to drill, and 
although doubtless hard to begin with, it 
is safe to say that use has not made it any 
softer. The flue sheet is perfectly good, 
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but that is probably owing to its being 
set in a combustion chamber of about 2 
ft.in length. The total mileage of this 
furnace was 202,852 miles, and the engine 
(a small freight engine of Baldwin build, 
cylinder 17 by 22, with 44 ft. drivers) be- 
ing worn out, having been on the road 
since February, 1856, was cut up to be 
replaced by one of standard build. 
Several steel fire-boxes built since 1861 
have, however, been taken out, and one 
great trouble has been the cracking of 
the sheets around the fire door, in the 
flanges of the throat sheet, and some- 
times the flanges of the door and crown 
sheets. By the change which was made 
in the spring of 1867, it is thought that 
the trouble with the door sheet has been 
overcome. The solid ring was abandon- 
ed, and since that time more than 100 lo- 
comotives have been built without the 
slightest sign of failure being perceptible 
about the door. With the solid ring a 
crack would show itself in about two 
years, when it became necessary to cut 
out a piece around the door and replace 
it with copper. The cracking of the 


flanges of the throat sheet has also doubt- 
less been done away with by placing the 


flange on the water side. The intense 
fire striking the edge of the flange was 
perhaps the cause of the cracking; the 
metal evidently becomes highly heated, it 
may be to redness, and this constant over- 
heating appears to contract the steel un- 
til it cracks, usually from the edge to the 
rivet hole ; and if the crack passes beyond 
the caulking on the water side, it produc- 
es a leak that can only be stopped by a 
patch. The life of a steel fire-box built 
on our present plan will without doubt be 
not less than 7 years. 

When steel fire-boxes first came in vogue 
it was the practice of some builders to still 
use an iron tube plate or flue sheet, and the 
cracking of these has sometimes been 
charged tosteel. This, perhaps, gave rise 
to the question as to whether iron tube 
plates crack between the tube-holes the 
same as steel. There has not been a 
single flue sheet made since 1867 that has 
cracked between the flues, and the reason 
for substituting copper for steel was main- 
ly the leakage of the flues, particularly of 
engines having the large and long flue, 
which are 2} in. outside diameter and 14 
ft. long. This leakage was attributed to 
insufficient surface of the thin in. steel 
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flue sheet, and whatever the real cause was, 
it is certain that tubes of the same dimen- 
sion are perfectly tight in copper sheets 
of 3 in. thickness. The space between 
the tubes is usually 3 of an inch. 

The fuel used upon this road is bitumi- 
nous coal, mostly of the variety known as 
“ Pittsburgh coal,” which is excellent and 
makes an open dry fire, producing hardly 
any clinkers. It is reported as producing 
8; lbs. of steam from water at 212 deg. to 
the lb. of coal, but the result on the road 
in practice has deen found to be about 6} 
lbs. of water to the lb. of coal. The max- 
imum pressure carried is never over 130 
Ibs. to the sq. in. 

All passenger engines have the atmos- 
pheric brake attachment, which consists of 
an upright direct-acting air pump placed 
on the right hand side of the locomotive, 
partly under the running board. It is 
worked by steam from the boiler and 
pumps air into a receiver placed under 
the foot-board. The pump is automatic, 
and as the pressure of air in the re- 
ceiver is reduced by the application of the 
brakes its stroke is more rapid—thus the 
pressure is restored in a very few moments 
as indicated to the engineer by a gauge 
in the cab placed just above the steam 
gauge; with this appliance the stops at 
stations are more quickly made, thus sav- 
ing much time. On the Pittsburgh Divi- 
sion the passenger engines take their 
water from water-troughs while running, 
which also reduces the delays, giving 
quicker time without increase of speed. 
These troughs are 18 in. wide and 4in. deep, 
placed between the rails on both tracks 
at two convenient points, and in running 
over any one of the 4, they being from 
1,200 to 1,500 ft. in length, sufficient water 
to fill the tank is taken. 


CARS—PASSENGER EQUIPMENT. 


The passenger cars are in no way pe- 
culiar, and may be safely considered as a 
fair representation cf the American rail- 
road coach. The style of finish of these 
cars is changed from time to time, to give 
a pleasing variety, but the framing and 
plan of seat is uniform throughout, the 
one having the necessary strength, while 
the other gives the comfort so desirable 
on a long run. 

These together with the numerous va- 
riety of other cars, such as the open 
sleeper, the compartment, the double and 
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single drawing room, the parlor and the 
filver palace, are capable of furnishing 
the travelling public with every conve- 
nience known to first class railroad 
travel. 

The trucks of all passenger equipment 
are of the variety known as the “ Equal- 
izer truck” and under the ordinary day 
cars they have two pairs of wheels while 
those under the sleepers, etc., have three 
pairs of wheels each. The wheels are 
made of charcoal iron having a tensile 
strength averaging not much below 30,- 
000 lbs. per sq. in., and one of these chill- 
ed cast-iron wheels weighs about 525 Ibs. 
It is extremely rare that any are broken 
while in service, their mileage being not 
less than 100,000 miles, and in comparison 
with wheels having steel tires, some of 
which have been tried, there is but slight 
prospect, if any, of their ever being su- 
perseded ; the flanges of the steel tires 
wear rapidly and soon become danger- 
ous. 

The axles used are made of soft cruci- 
ble steel, and are required to stand a 
test, without breaking, of 5 blows un- 
der a drop weighing 1,640 Ibs. from 
he height of 25 ft. One axle from 
every lot of 50 is taken at random and 
placed on the supports, 3 ft. apart, un- 
der the drop, and struck in the centre, 
then turned over, always placing the con- 
vex side up, carefully measuring the de- 
flection each time, and if it bears the 5 
blows without breaking, the lot is ac- 
cepted. 

As an illustration of the quality of 
this steel the fact may be stated, that on 
November 15th, 1867, one of these axles 
was broken with 14 blows—3 at 35 ft., 
one at 36 ft., two at 38 ft., 7 at 39 ft., and 
the last one at +40 ft.—the deflection va- 
rying from 8} in. to 11} in. These axles 
are of English make, rough turned all 
over, 4 in. at the centre and increase to 
4? in. diameter in the wheel fit—the jour- 
nal being 3} in. by 7 in. These journals 
each carry about 4,000 lbs. of dead weight, 
and at most not over 1,000 bbs. of load, 
that is under the passenger cars. Under 
the sleepers the dead weight is nearly 
oe same, but the load is not over 325 

8. 

There being no record as yet of the life 
of these wheels and axles, they are never 
allowed to run under passenger equip- 
ment over 18 months after the date 





stamped on the axles when placed in ser- 
vice, and after that time they are trans- 
ferred to freight equipment. 

The ordinary passenger car will seat 52 
persons, and a sleeper or palace car has 
24 double berths, and is consequently 
capable of accommodating 48 persons, 
but each berth is very rarely occupied by 
more than one person. The total weight 
of a passenger car is 38,000 lbs.; of a 
sleeper, from 42,000 to 46,000 lbs.; and of 
a palace car, from 56,000 to 58,000 Ibs. 
The weight of a 4-wheel truck is 6,400 


‘Ibs., and of the 6-wheel truck, 9,600 Ibs. 


The mileage of a sleeper is about 10,000 
miles per month. 

The air or pneumatic brake is in use on 
all passenger equipment, and works well, 
giving the engine driver perfect control of 
the train, enabling him, in an emergency, 
to stop an ordinary train within its length, 
say about 500 ft. from the point at which 
the air is admitted to the cylinders under 
the cars. The air pressure necessary for 
all practical purposes is from 55 to 60 lbs. 
per sq. in., and with care a successful stop 
can be made with a consumption of about 
13 lbs. of air pressure. 

In addition to the cars mentioned, 
the passenger equipment consists of the 
half passenger or smoking and bag- 
gage, the baggage, the mail and bag- 
gage, and the express cars, and it fre- 
quently becomes necessary to use the 
freight-box cars for additional express 
freight, in which case air pipes with the 
hose connections are used temporarily, to 
convey the compressed air for air brake 
under these cars. 

All passenger cars are lighted with or- 
dinary coal gas, compressed to about 300 
lbs. to the sq. in., and carried in fixed 
tanks under the body of the car. The 
two tanks are placed laterally on each 
side of the car and filled by a hose con- 
nection, at the principal stations, from a 
gas house—the gauge just below the gov- 
ernor in saloon of each car indicating the 
amount of gas pressure received. Suffi- 
cient gas is carried to supply one 3-ft. 
burner in saloon and four 6-ft. burners in 
body of car during 12to15 hours. These 
cars are warmed by a stove at each end 
of the car, burning anthracite coal, so ar- 
ranged that a current of air is forced in 
by the motion of the train, and after be- 
ing heated is distributed by air passages 
under the <eats. 
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FREIGHT EQUIPMENT. 

The freight cars consist of 5 kinds, de- 
signated as the “ Box Car,” “Stock Car,” 
“ Gondola,” “ Drop-bottom Gondola,” and 
“ Drop-bottom Coal Car.” 

The Box car is used for carrying gene- 
ral merchandise, grain (mostly in bulk), 
flour, ete. The weight of the empty car 
is 20,000 Ibs. and will carry about 16,000 
Ibs. of grain and from 20 to 24,000 lbs. of 
flour, 216 lbs. to the barrel. 

The Stock or Cattle car weighs about 
19,000 Ibs. and will carry about 16,000 
Ibs. of horses or mules, 14,000 to 13,000 Ibs. 
of cattle, 12,000 tbs. of hogs and 9,000 
tbs. of sheep. Many of these cars have 
an upper deck by which means they car- 
ry 15,000 tbs. of hogs or 14,000 tbs. of 
sheep. These cars are also used frequent- 
ly for rongh freight of various kinds, such 
as oil, pig iron, coal, staves, bark, etc. 

The Gondola car and Drop-bottom 
Gondola are, with the exception of the 
trap doors, the same, and used for mis- 
cellaneous freight, but mostly for coal 
and timber. The trap doors are for the 
convenience of unloading coal on trestle 
work over bins, or chutes, for transship- 
ment. The weight of the Drop-bottom 
Gondolais from 18,090 to 19,000 ibs., while 
that of the Gondola is about 2,000 less, 





and either will carry from 20,000 to 24,000 
lbs. of freight. 

The “ Drop-bottom Coal car” as the 
name indicates, is used mostly for coal. 
The dropping of the trap doors of this 
car will discharge its entire load without 
shovelling. Its average weight when 
empty is about 16,000 tbs. and is ca- 
pable of taking a load of from 20,000 
to 24,000 Ibs. Iron ores and other kin- 
dred substances are also carried in these 
cars. 

In addition to these cars there is 1 
“ Maintenance of Way Dirt Dump” used 
in the Engineer Department, that dumps 
the entire load to the side of the track, 
and a flat stone car used for the trans- 
portation of stone in construction. This 
latter car is similar to the Gondola, but 
without sides, and having a double or 
stronger flooring. 

The cars above mentioned comprise 
the equipment of the road with the ex- 
ception of the Individual or Company 
cars that belong to parties on or adjoin- 
ing the road. These are mostly built af- 
ter the style of those described, with the 
exception of the tank cars, built for carry- 
ing petroleum in bulk. The truck used 
for all freight cars is the iron truck, and 
weighs 4,625 Ibs. 





ON THE STRESSES OF RIGID ARCHES AND OTHER CURVED 
STRUCTURES.* 


By Mr. WILLIAM BELL, M. Inst. C. F. 


The author, after adverting to his | supposition that the backing was a perfect 


method of constructing a curve of equili- 
brium for an arch unequally loaded with 
continuous or discontinuous weights, or 
under oblique pressures, proceeded to ap- 
ply ittothe determination of the stresses on 
rigid arches and other curved structures. 
As the consideration of an arch of mason- 
ry was more simple than that of a rigid 
arch, a preliminary illustration was given 
by an examination of the Pont-y-tu-Prydd, 
an arch with small stability, with the pe- 
euliarity that its spandrels were construct- 
ed with cylindrical openings. The effect 
of these openings was described. To show 
the nature of the change of the curve of 
equilibrium by oblique pressure of the 
backing, this curve was drawn on the 





* A paper read before the Institution of Civil Engineers. 





fluid, pressing at right angles to the back 
of the arch. The action of a passing load 
in increasing the stress upon the masonry 
was also examined. 

The stresses of a rigid arch had hitherto 
been a subject of considerable difficulty, 
owing to the intricate nature of the mathe- 
matical analysis it was necessary to em- 
ploy; and the labor of applying formulw 
to trace the variation of stress from point 
to point was considerable. Still, before 
the transverse sections of arch ribs coukl 
be proportioned. to the stresses coming 
upon them, a knowledge of this variation 
is indispensable. The main object of the 
paper was to show that the stresses at 
every point of an arch rib could be deter- 
mined by a diagram, and that some ques- 
tions, such as where the form of the rib 
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was neither circular nor parabolic, and 
when the pressure was oblique, which 
would be almost intractable by analysis, 
could be readily solved. The curve of 
equilibrium being the locus of the resultant 
of all the outward forces, the bending mo- 
ment was the pressure in the direction of 
the curve multiplied by the perpendicular 
upon the tangent. The curve having been 
determined, the stress caused by the bend- 
ing moment could be ascertained, and this, 
added to the uniform compression, was 
the total stress at any point. By shifting 
vertically the positions of the points of the 
curve at the crown and springing, the 
stress could be indefinitely varied, and the 
etrve could be made to satisfy the condi- 
tions of the rigid arch of invariable span, 
or the rigid arch with the ends fixed. These 
conditions were then investigated, and 
gave the following resu'ts. The neutral 
line of the arch rib having been divided 
into equal parts, and the bending moments 
at each of these parts obtained from the 
curve of equilibrium, when the ends were 
fixed the sum of all the bending moments 
had to be made equal to zero; when the 
rib was of invariable span, the sum of the 
bending moments, each multiplied by the 
vertical ordinate of the point to which it 
corresponded, had to be made equal to 
zero ; and when the ends were fixed and 
the rib of invariable span, the above con- 
ditions had both to be satisfied. When 
the section of the rib changed from point 
to point, each bending moment was to be 
divided by the moment of inertia of the 
cross section corresponding to it, before 
entering it in the summation. It was 
then remarked that where the curve of 
equilibrium touched the surface of the rib, 
the compressive stress was doubled, 
trebled, or quadrupled, according as the 
section was I or box-shaped, tubular, or 
of the form of a solid rectangle. For 
vertical forces only, the bending moment 
at any point was equal to the horizontal 
thrust multiplied by the length of the 
vertical line between the curve of the rib 
and the curve of equilibrium. A mathe- 
matical investigation was entered into for 
a circular rib, considered as a voussoir 
arch, or rigid arch with the ends fixed, in 
a similar manner to Mr. Airy’s treatment 
of the circular rib of invariable span. It 
was shown that the stresses could be 
equally well eecertained by diagram as 
by mathematical investigation. When a 





moving load was the only force acting on 
an arch rib, the curve of equilibrium was 


‘two straight lines, meeting in an apex 


vertically above the load. As the load 
moved, the locus of this apex depended 
on the condition of the rib, as to whether 
it was rigid, or in the state of a voussoir 
arch. The action of a uniformly distribu- 
ted load was then examined, and the cir- 
cular rib compared with the parabolic. It 
was remarked that a straight or curved 
girder might be considered as an arch of 
any rise, but without horizontal thrust, 
and it was shown that, by drawing any 
curve of equilibrium for the weights, con- 
tinuous or discontinuous, acting on the 
girder, considering it as an arch, the stress 
at any point was the horizontal thrust mul- 
tiplied by the vertical ordinate. The action 
of oblique forces was then entered into, 
and the case of the curved gates of the 
Victoria Docks was examined. The stress- 
es on the elliptical caissons used in the 
foundation of the Thames Embankment 
were next ascertained by construction. It 
appears that when the eccentricity of an 
ellipse under normal pressure was small, 
the curve of equilibrium was nearly a cir- 
cle,whose radius was the mean between the 
length of the major and minor semi-axes 
of the ellipse ; and that if a boiler, which 
was an arch in tension instead of in com- 
pression, were not truly cylindrical, there 
would be considerable transverse in addi- 
tion to the tangential stress, and if the 
deviation from an exact circle were great- 
est at the riveted joints, the stress would 
be greatest at the weakest parts. It was 
then remarked, that at an ordinary lap 
joint, or at a part where the deviation of 
form amounted only to half the thickness 
of the plating, the stress at the surface of 
the iron was four times that due to the 
uniform pressure of the steam. This re- 
sult, which showed how greatly a boiler 
might be weakened by an imperfection of 
form too slight to be detected by the eye, 
was not, in the author’s opinion, generally 
known. There could be little doubt that 
incorrectness of form, the evidence of 
which was destroyed when a boiler ex- 
ploded, was one of the chief causes, and 
hitherto an unsuspected cause, of many of 
the boiler explosions which occurred from 
time to time throughout the country. The 
last example chosen was the somewhat com- 
plex case of the roof of the St. Pancras 
Station, Midland Railway. The form of 
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the rib differed from the circle and para- 
bola, the section varied to some extent 
near the springing, and as the action of the 
wind on the roof was considered, the ques- 
tion was also one of oblique forces. The 
curves of equilibrium for the roof, acted on 
only by its own weight, were first drawn. 
For the actual condition of the rib, namely, 
that of a rigid arch with the ends fixed, 
the curve was contained everywhere with- 
in the depth of the rib. For a pressure 
of wind of 40 lbs. per sq. ft., the curve 
showed two maximum stresses of 4.08 tons 
and 4.14 tons per sq.in. The arch rib 
had been treated as of invariable span, but 
real or virtual alterations of span might 
be caused by changes of temperature, a 
yielding of the abutments, and the com- 
pressibility of the arch rib itself. It be- 
came then an important practical question 
to determine, for wrought-iron arches, 
how much the stresses might be altered 
by a small alteration of the span. The 
method of ascertaining this generally was 
then described, and it was found that a 
wrought-iron rib of 200 ft. span, 20 ft. rise, 
of an I or box-shaped section, and loaded 
uniformly, might have the stress at the 
crown increased from 4 tons to 6} tons per 
sq. in. This would happen if the abutments 
each yielded } in. under the thrust, and the 
temperature were reduced 60 deg. below 
that at which the parts of the rib were put 
together. This result included the stress 
caused by the compressibility of the 
iron. 

In order to draw the elastic curve of the 





rib, it was then shown how to find the 
displacements of the different.points, by 
change of temperature, compressibility of 
the metal, and action of the bending mo- 
ment. The deflection of the crown was 
the alteration of the rise of the rib as found 
by this process. Applying it to the case 
of the rib of the St. Pancras Station roof, 
the deflection of the crown was found to 
be 2 in., while observation had given from 
fs to } in., so that the agreement of cal- 
culation with observation was very elose. 
The author proposed to measure stresses 
by the direct observation of the extension 
or compression of a small length of the 
material of a structure. For a stress of 
1-5th ton per sq. in.,the extension of a 
length of 50 in. of wrought iron was y;\95 
of an inch, which if magnified 50 times, 
would be read as i; of an inch by the eye. 
During the testing of a structure, two mi- 
croscopes, magnifying 50 diameters, with 
scales in their eye pieces, fixed about 50 
in. apart, would measure stresses of 1-5th 
of a ton per sq. in. in the most direct man- 
ner, and the stresses could be measured 
at the critical point of a structure. 

The author thought that this method of 
observation might even be useful in an- 
other way, if, as was probable, inferior 
kinds of wrought iron approached to cast 
iron in the scale of their extensibility un- 
der moderate stresses. By taking an ob- 
servation where the stress could be ac- 
eurately determined by calculation, the 
quality of the iron which had been used in 
a structure might be ascertained. 
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At one time the Paris pavement was 
uniformly composed of setts measuring 
97, in. on each side, and costing 6d. a 
piece ; but these setts under the action 
of a heavy traffic became smooth and 
rounded, affording a bad foothold. Small- 
er setts were then substituted giving a 
more even surface ; the dimensions of 
these are 34% in. by 6} in. and 6} in. 
deep, and they cost from £10 15s. to £13 
per 1,000. This new paving varies in cost 
from 8s. 8d. to 13s. per yard, according to 
the quality of the material. 

The paved surface of the Paris streets 
is equal to 6,077,300 sq. yards, of which 





180,360 yards are taken up every year ; 
the remaining 5,896,940 yards are main- 
tained by 82 brigades of 5 workmen each, 
costing annually £21,760, or about .86 
penny per yard. 

The area of the metalled roads will be 
reduced during 1872 to about 2,000,000 
sq. yards, and the expense for mainte- 
nance allotted in the budget for the com- 
ing year is £131,640. A staff of 1,105 
laborers is devoted to this work, and it is 
found better to re-make the roads en- 
tirely than to patch them. For some 
years past steam road rolling has been in- 
troduced. The contractor for this work 
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is paid at the rate of 7d. per ton per mile 
run by the engine during the day, and a 
slightly elevated rate for night work. The 
watering arrangements preserve the sur- 
face of the roads. Every 5 or 6 days wat- 
er is poured over in abundance, succeeded 
by a thorough hand or machine sweep- 
ing. The mechanical brushers with one 
horse cost £36, and sweep 5,970 yards 

er hour, equal to the work of 10 men. 

he materials employed for the roads 


are : 
£. 8. d. 


Flint, costing ......... 0 7 O per cubic yard. 
Compact limestone... 019 2 “ os 
Porphyry from Voutré. 19 3 * ~ 


The asphalt roads are composed of a 
compact formation of béton 4 in. thick, 
dressed according to the ultimate curve 
of the road. This formation is covered 
with a layer in mortar, and at the end of 
4 or 5 days, when the whole has acquired 
the necessary degree of hardness, the ap- 
plication of the asphalt is proceeded 
with. 

The raw material comes from the mines 
of Seyssel and of Pyrimont in the valley 
of the Rhone. It is a limestone impreg- 
nated with 10 or 12 per cent. of bitumen. 
This rock is reduced to powder and is 
heated in a suitable apparatus to a tempe- 
rature of 150 deg. Itis then loaded into 
earts and brought on the ground, where 
it is spread over the béton in layers 1} 
in. or 2 in. thick, then it is well beaten 
down with rammers or iron rollers until 
it resolves itself, as it were, into the orig- 
inal rock. This class of road—noiseless, 
clean, and agreeable—presents neverthe- 
less the serious inconvenience of easily 
becoming slippery and dangerous to the 
horses. Special care has, therefore, to be 
taken in washing the asphalt, and cover- 
ing it with sprinkled sand, of which sup- 
plies are deposited in receptacles under 
the footpaths. 

The maintenance of these asphalt roads 
includes the relaying once every 10 years, 
and costs at the rate of 8.3d. per square 
yard per annum. There are altogether 
287,000 square yards ofsuch roads, and 
37,000 yards laid in the metalled 
roads. 

The foot paths and alleys are of granite 
or of asphalt. The granite walks cost 
15s. 9d. per yard, and the cost for repair 
is only about .88d. per yard per annum. 
The asphzlt sidewalks cost 3.82s. and the 





maintenance about 3d. per yard. The lo- 
cal proprietors defray in part the cost of 
laying down the sidewalks, and the city 
provides £40,000 per annum for their 
maintenance. : 

The cleaning of the public streets costs 
yearly £162,800, divided as follows: the 
purchase and maintenance of material, 
the staff of workmen, watering, and tak- 
ing away mud and debris. Tools, such 
as shovels, picks, brooms, watering appa- 
ratus ; and the disinfectants, such as sul- 
phate of iron, chloride of lime, ¢tc., are 
centralized in a general depot. The an- 
nual cost is £600. 

The iabor of sweeping and cleaning the 
streets is apportioned as follows : the 
householders and local proprietors keep 
clean about one-half of the whole area, 
the municipal authorities, at the cost of 
the local proprietors, clean one-third, and 
one-sixth is looked after by the city gov- 
ernment at its own cost. The average 
cost is about 1.67d. per square yard per 
annum. Connected with this service are 
41 workshops of 31 workmen, and 70 
workshops of 17 workmen. 

The watering is done from carts or by 
articulated apparatus connected with a 
hydrant in the pavement. This second 
system, which is only half as costly as 
the first, has been generalized and ope- 
rates over a surface of 1,275,700 square 
yards at an expense of about .005d. per 
yard. 

The mud and general debris are lifted 
by contractors or the land cultivators in 
the environs of Paris, who employ this 
matter as manure. At one time the sale 
of the refuse brought in a considerable 
sum to the city, but of late years this has 
not been the case, and while there are a 
large number of collectors who pay noth- 
ing, there are others whom the municipal- 
ity keep in employment. The Govern- 
ment of the 4th September, by a decree 
dated the 11th September, 1870, prohibit- 
ed all collectors of manure in the streets 
of Paris,and compelled the inhabitants 
to carry direct to the carts the refuse 
to be taken away. This decree, which 
brought about a great improvement from 
a sanitary point of view, should ajiso re- 
duce considerably the cost of cleaning the 
streets. 

It is now proposed that the municipal 
council should institute a commission to 
study this question, and at the same time 


i 
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that of carrying away the sewage matter 
and the utilization of sewage waters. 

After the service of roads in the Paris 
administration comes that of works. This 
ineludes all the works which are executed 
in the public streets above the level of the 
roads and footpaths, the promenades and 
plantations, seats, columns, public an- 
nouncements, kiosks, cabstands, and offi- 
ces, lamps, shop fronts, the chairs and 
tables of cafés, etc. This service is divid- 
ed into four distinct parts : 


1. Promenade and plantations. 

2. Lighting. 

3. The concessions of the streets. 
4. Public vehicles. 


The growth and management of the 
trees in the Boulevards and avenues of 
Paris are matters of no small difficulty. 
It is necessary that they should have a 
good soil and a perfect drainage, that 
they should be preserved from damage 
by the public, and the deleterious effects 
of the gas lighting. By preference plane 
and chestnut trees are chosen, for they 
grow rapidly, give good shadow, have a 
beautiful appearance, and are not affected 
by the insects. There are to-day 102,254 
trees in the Paris avenues. The cost of 
maintaining the trees and public seats is 
£7,600 per annum. As to the prome- 
nades the plan adopted was to make 
four grand promenades at the four cardi- 
nal points, namely, the Bois de Boulogne, 
the park of Buttes-Chaumont, the Bois 
Vincennes, and the Park de Montsouris ; 





afterwards to develop or to form a garden 


or a square in each of the 20 arrondisse- 
ments of Paris. 

This programme, now executed, gives 
to the population, besides the four great 
promenades, a total of 27 enclosures, cov- 
ered with vegetation, and presenting a 
surface of at least 147 acres. The expen- 
ses for maintaining these promenades 
amount to £14,000, besides the cost of 
the plants furnished from gardens at Mu- 
ette, near Passy. 

The outlay incurred for the Bois de 
Bologne has exceeded £640,000, and 
£227,800 for the Bois de Vincennes. To 
supply the great quantity, of shrubs and 
flowers required in the creation and main- 
tenance of the promenades, the adminis- 
tration has formed vast horticultural es- 
tablishments. The most important of 
them is the Garden of Muette, comprising 
an orangery, and nursery greenhouses, 
collectively covering an area of 73,820 
sq. ft., 53,750 sq. ft. of hot beds, various 
buildings occupying 85,600 sq. ft., and 
gardens for outdoor plants. The estab- 
lishment cost £16,000. There are employ- 
ed on it 88 workmen, and 3,000,000 
plants per annum are produced there at 
an average cost of .12d. each. The city 
possesses, besides, three establishments 
for raising the required trees and shrubs. 

It is proposed in 1872 to reduce from 
£87,850 to £59,360, the outlay of the 
plantations and promenades. But very 
heavy expenses will have to be incurred, 
and much time must elapse before the 
traces of the damage done during the war 
and the insurrection are effaced. 
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Written for Van Nostrand’s Magazine. 


(Continued from January Number.) 


The Post truss (Fig. 1} is a compound 
truss of two triangular systems, the braces 
having a run of half a panel, and the ties, 
of one anda half. The weights on the 
tiesand braces under a uniform load are de- 
termined as for the other trusses, and the 
horizontal strains through the chords ob- 
tained as in other cases, by multiplication ! 
of the vertical strains by the tangent of | 
the inclined members. In the present 
case, the tangent of the ties = 1, and that 
of the braces, 0.33. The strains and hori- 





zontal increments, in loaded-panel weights 
are shown in the half truss, Fig. 2. 

In summing the series to obtain the 
maximum vertical strains on the ties and 
braces from the rolling load, the peculiar 
construction of this truss at the centre, 
causes an interruption of the regular de- 


creasing progression. Supposing the 
panel weights W’ of the rolling load con- 


|centrated at the lower apices, as in Fig. 


1, we have for the coefficients of W’ in the 
light-lined system, (13.5 +- 11.5 + 9.5 +- 
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Ww’ 7 
6.5-44.542.5)s¢-+ (15.5 + 0.5)ge = 
3.75 W’, and so on for the rest, as shown 











in the figure. For the heavy-lined sys- 
tem, we have, (14.5 + 12.5 + 10.54-8.5+- | 





7.5+5.543.5-4+15) = 4 W’, and g0 


on as in the figure. 

Another peculiarity of this truss is that 
the counter-braces connect the two sys- 
tems. This renders a nice calculation 
extremely difficult, but it is believed that 
the following general considerations are 
correct and lead to safe results. 
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All weights and dimensions being as- 
sumed the same as for the other trusses, 
the counterbraces sustaining a shearing 
strain are ab, cd, and their symmetricals. 
Of these, the former sustains, vertically, 
1.5 W’, and the latter, 2 W’.* When half 





* Excepting for the strain on the first tic, the weight on 
the first and last apexes has been taken —W’ instead of ¢W’, 
the difference for all other cases being but slight. 
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of the truss is covered by the rolling load, 
and the tie a’ b' is therefore under a ver- 
tical strain of (7.5 + 55-+ 3.5-+ 1.5) 


a= 1.1 W’, it is conceivable that the 


counterbrace «cb may transmit to it in 


addition through ab’, the whole of that 
portion of the strain which the sail coun- 
terbrace receives from the other, or light- 
lined system. This equals 0.9 W’, making 
the whole possible vertical strain on a’ b’ 
=2W’'. The two panel weights on cd 
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et Mt Alii. 


are transferred to c’ d', which must there- | weight of 2 panels on ¢ d’ undergoes a 


fore be strong enough to bear the addi- | 


tional half panel weight. If the truss be 
loaded from e to the right abutment, the 


a ae 


2 


W 
diminution of 6.5 i= 0.4 Ww, from the 


effect of the tensile strain upon it from 


7 
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the weight at d’, and therefore the strains 
upon the rest of the ties are sufficiently 
provided for by the previous calculations. 

A lattice truss containing four systems 
of right-angled trussing requires also a 
rather complicated calculation. 


In the truss shown in Fig. 3, lets W = 
permanent bridge load, and W’ the roll- 
ing load, on each lower apex. In order 
to calculate the strains on the flanges, we 
must ascertain the vertical strains on the 
ties as braces when the truss is completely 


Fie. 5. 


IS Ff 


ZS 2 


45 





2d 


covered with the rolling load. The 
weights borne by the ties and braces of 
the systems a, b, c, d, e, f, g, h, i, and a’, b’, 
c’, etc., are easily obtained, for the Weights 
on their apexes are symmetric in relation 
to the centre of the truss. Those at the 


2 


45 4 3 

apices of the two other systems are not 
symmetric, and the effect of each weight 
must be taken separately, and the total 
effect for each member deduced. Let us 
consider the system 1, 2, 3, 4, 5, 6, 7, 8, 
9 and 10, Fig. 4. 
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We have already seen that if a truss be 
loaded from a certain tie to the farther 
abutment, that the strain on that tie is 
diminished by placing weights upon the 
unloaded segment. This is because these 
last in transmitting a certain portion of | 
their weights to the farther «abutment, | 
produce a compressive strain in the tie 
which must be deducted to find the net 
tensile strain upon it. This principle 
established, it is easy to calculate the 
strains on the members of the system in 
question. 

The tensile strain on 1, 2 is found by 
taking the combined strains of the weights 
on 2, 4, 6, and 8, which add up 


= (W + W’) =2.25(W+ W’. 


The tensile strain on 3, 4 and the com- 
pressive strain =. 2, 3 from the weights 


4, 6, 8, amount to = — > (WE W’). But the | 


weight at 2 seiibine a directly contrary 


strain on these members of - (W-+W’) 
leaving a net strain of 1.25 (W-+ W’). 
The strains tensile and compressive on 5, 
6 and 4, 5 from the weights 6 and 8, give 


re (W + W); but from this must be de- 


ducted =~ (W + W’) from the weights 2 


and 4, leaving 0.25 (W-+ W’) In like 
manner we get the proper coefficients of 
(W-+ W’) for the other members, as 
shown in the figure, and we have then all 
the elements necessary for the diagram 
of vertical and horizonal coefficients 
shown in Fig. 5. 

The maximum strains on the ties and 
braces and the amount of counterbracing 
against the shearing strain, are deter- 
mined as for the other trusses. 

This example is the same as that given 
by Mr. Stoney in his treatise on strains, 
Vol. L., p. 105, except that we have con- 
sidered the rolling load as passing over 
the bottom chord. It will be seen that 
the results arrived at differ materially 
from those given by Mr. Stoney in his 
diagram. This is owing to his incorrect 
allotment of the permanent strains on 
the two unsymmetrically loaded systems. 
That Mr. Stoney’s results are incorrect is 
readily seen by comparing the diagram 
for uniform strains with the table on 
page 106. By the diagram, the strain on 


diagonal 3 when the bridge is uniformly | 





loaded, equals 2 panel weights, while by 
the table, the maximum strain on this mem- 
ber is given correctly, as 1.75 panel 
weights. It is evident that this diagonal, 
in Mr. Stoney’s example, is under the 
same strain whether the truss is entirely 
| covered or only from the further abut- 


| ment to apex 3, for the weights 1 and 2 


uv 

\9 

So 
y * 
? 


do not bear upon the system of which 
diagonal 3 forms a part, at all, and there- 
fore their presence or absence cannot af- 
fect it. 

The’ Fink truss, shown in Fig. 6, dif- 
fers from all those we have already con- 
sidered, being in fact a series of indepen- 
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dent trussed beams. It is best suited for 
undergrade bridges. Maximum strains 
of all kinds occur when the whole bridge 
is covered with the rollingload. Whenso 
loaded, the horizontal strain throughout 
ab= ld W representing total load, 
both fixed and rolling, and the strain on! 





the ties ac, c b, is to this as the length of 


acis to that of ad. Compression on d 
“ Wh 
Strain on a f, fd=j5p X 


. WwW ‘ 
Compression on ef x Strains on 


c= 


ae’ 
the other sub-trusses are calculated in a 
similar manner, 





SUBMARINE BOATS. 


From “The Engincer,’”’ 


Just now the torpedo is attracting con- 
siderable notice as a new engine of war. 
To us, islanders, it may, perhaps, almost 
prove the weapon of the future, at least, 
if the supremacy of the sea, our present 
boast, be ever threatened. It is mainly 
as an instrument of defence that we at 
present regard torpedoes, but they may 
ulso be used—as indeed, they have been— 





for offensive purposes. To this end, a 
submarine boat, a boat that can be sub- | 
merged and work below the water as well 
as above it, is required. The project is| 
xt present almost chimerical, yet, per- 
haps, it may be not altogether without ; 
interest to trace the history of the inven- 
tion. 

Many more attempts have been meade 
to attain it than is generally supposed. 
Of course, the idea of a boat to work be- 
low water is a very old one. Roger Ba- 
con, who lived in the 13th century, men- 
tions submarine vessels amongst the other 
marvels he enumerates. ‘ Moreover,” he | 
says, “instruments may be made where- 
with men may walk in the bottom of the 
sea or river without bodily danger, which 
Alexander the Great used, to the end that 
he might behold the secrets of the seas, as 
the Ettrick philosopher reputeth, and these 
have been made, not merely in times past, 
but even in our days.” Again, in another 
place, our author speaks more definitely 
on the subject: ‘“ We have seen and used | 
in London a warlike machine, driven by | 
internal machinery, either on land or} 
water. Succeeding years have shown us 
a vessel which, being almost wholly oub-| 
merged, would run through the water | 
against waves and wind, with a speed | 
greater than that attained by ‘ Celonibus | 
Londinensibus expeditissimis’ (the fastest | 
London pinnaces—Facciolati).” 

These accounts, however, are rather, 





mythical, and the first true submarine 
vessel we know to have existed was one 
which Cornelius Van Drebbel tried upon 
the Thames, by command of James L. 
This was moved by 12 rowers, and ac- 
cording to Leibnitz, went for some dis- 
tance under the water. Whether it re- 
ceived external air for respiration the 
same author does not know, but from 
other sources we learn that the vitia- 
ted air was purified, or said to be pu- 
rified, by an artificial liquid invented by 
Pierre Van Drebbel, the son-in-law of 
Cornelius. This liquid was sprinkled 
about, and the air thus again became 
suitable for respiration. Bishop Wilkins, 
in his “ Mathematical Magic,” speaks fa- 
vorably of the invention. In 1692 Papin 
wrote to Leibnitz on the subject of a ma- 
chine, which seems to have been a simple 
form of steam engine for moving ships. 
The correspondence which ensued is pre- 
served in the Great Seal Patent Office, 
but has never been published; in it Papin 
speaks of a submarine boat invented by 
himself. It was to be moved by oars at 
the side, and could be caused to rise or 
sink by pumping air into or out of inter- 
nal vases. It had a mercurial gauge, was 
steered by a rudder, and lighted by glass 
windows ; air for respiration could be 
pumped in through a tube, by “a Hessian 
pump,” that is to say, a rotary flyer with 
vanes; the vitiated air escaped by anoth- 
er tube, while a third enabled the diver to 
attack an enemy’s ship. 

Probably these and similar inventions, 
though applicable to warlike purposes, 
were chiefly intended to fulfil the same 
end as the diving bell, the principle of 
which was known (it is first mentioned 
by John Taisnier, who was born at Hain- 


| ault, in 1509), though, of course, it was 


not yet brought to perfection by aid of 
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the numerous mechanica! appliances now 
in use. About the same time, or a few 
years earlier than the date of Papin’s ma- 
chine, J. A. Borelli invented a sort of 
diving apparatus. This, indeed, was not 
a boat, but more nearly resembled the 
diving dresses of the present day; still it 
deserves notice as a curiosity. It con- 
sisted of a large metal vessel filled with 
air, which could enclose a man’s head 
and be secured round his neck. About 
the wearer’s waist was a cylinder holding 
air, furnished with a piston to enable the 
diver to raise or lower himself. To the 
feet of the diver webbed pins with hooks 
at their ends were to be fastened, so that 
he could swim or crawl crab-like along the 
ground. No mention is made of any 
weight to be attached to the diver’s body, 
but certainly he must have required a 
good deal to carry down so much air with 
him. More nearly connected with our 
subject is a navis urinatoria, described by 
the same inventor—a covered vessel with 
bags open to the exterior water, by press- 
ing which the water would be squeezed 
out and the boat lightened, so that it 
might ascend. This was certainly the 
most primitive form of force pump imag- 
inable, and one by no means unlikely to 
work a good deal better in theory than in 
practice. However, Borelli is not the 
only inventor whose discoveries are open 
to the same objection. To move this 
boat, oars were to protrude through air- 
tight holes, or there might be “one flexi- 
ble and elastic oar with a broad blade 
placed on the vessel’s stern, by the vibra- 
tion of which a ship could be propelled 
fcrward,.as fishes are by their tails.” 
(Borelli, “ De Motu Animalium,” Rome, 
1691.) In his “ Acta Eruditorum,” pub- 
lished in 1683, J. Bernouilli took the 
trouble to prove that Borelli’s machine 
was impracticable, as indeed it apparently 
was. ‘Ten years later, in 1693, an engine 
of apparently similar nature was patented 
by John Stapleton, but hardly any de- 
scription of it is preserved. The heading 
of the patent tells us that it was a “new 
and extraordinary engine of copper, iron, 
or other metall, with glasses for light, 
and joynts soe contrived as to permit a 
person enclosed in it to walke and move 
freely with it under water, and yet so 
closely covered over with leather as suffi- 
ciently to defend him from all the jumps 
thereof.” There was also an engine that 





would “swim upon the water in the most 
violent storms,” and sink to the bottom 
and rise again when required. Besides 
these two machines—the former of which 
was apparently a sort of diving-dress, 
while the latter seems to have been a true 
submarine boat—the patent included a 
method of “defecating” or purifying air 
after breathing. This was to be used if 
the supply of fresh air was cut off by any 
means. Que year before this (1692), 
John Williams invented an engine “for 
the conveyance of four men 15 fathom 
and more under water in the sea, where- 
by they may work 12 hours and more 
without any danger, which said engine 
will be of great use and advantage for the 
taking up of wrecks and shippes that 
have been and shall be lost in the sea.” 
No description of the machine is given, 
but—a thing very uncommon in the case 
of old patents—there is a drawing of it 
still preserved in the Rolls Chapel. By 
this it appears to have been merely a long 
water-tight cylinder, closed at the bot- 
tom, down which men could pass. At its 
lower end, which of course rested on the 
bottom, were windows and holes fitted 
with water-tight sleeves, through which 
men could pass their arms so as to take 
hold of exterior objects. Doubtless this 
engine should not be classed among sub- 
marine boats, since it was only a bad sub- 
stitute for a diving-bell, resembling a ma- 
chine described by Vegetius, in 1532. 
This latter consisted merely of a cup 
which fitted the diver’s head, and had a 
long leather pipe attached to it, the end 
of which reached to the surface of the 
water. 

A boat is also mentioned as having been 
made during this century by one Day, 
which could move below the surface; but 
the inventor was drowned in his second 
experiment, so that little or nothing is 
known of his machine. The next sub- 
marine vessel we hear of was of French 
origin. In 1722 some experiments were 
made by-Dionis of Bordeaux, an account 
of which is given in the “ Journal Ency- 
clopedique” of August 1, 1772. From 
this we learn that his machine carried 10 
persons a distance of 5 leagues below 
water in the Bay of Biscay, and that it 
remained below 4} hours, without having 
its supply of air renewed. 

Such were, in brief, the earliest at- 
tempts at submarine navigation of which 
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we have any record remaining. They are, 
of course, more interesting in an anti- 
quarian point of view than in any other, 
especially as so little description of any 
of them has been preserved, that we can 
scarcely do more than make ont the 
principles upon which they were con- 
structed, and can certainly derive no use- 
ful information from any one of them. 
Certainly the easiest way of treating such 
accounts is to put them all aside as form- 
ing a set of idle tales; but this is not a 
very philosophical style of treatment, and 
probably there is more truth in them than 
we are altogether ready to believe. At all 
events, there is nothing in the results 
said to be achieved by any of the ma- 
chines, which is absolutely impossible, as 
later experience has amply shown. 

So much, then, for the earlier inven- 
tions, that form what we may call the le- 
gendary or mythical age of the science. 
Those we now come to are much more 
fully recorded, and belong, in fact, to our 
own mechanical age. The invention of 


torpedoes gave a great impulse to the en- 
deavors to make a vessel which should 
carry them; hence the next person we 


come to is remarkable for having been at 
once the inventor of these infernal ma- 
chines and the first contriver of a submar- 
ine vessel that we possess a full and ac- 
curate description of. David Bushnell, of 
Connecticut, seems undoubtedly to have 
been the originator of the notion of blow- 
ing up a ship by an explosive engine ap- 

lied to her hull. The stationary torpedo 

e does not appear to have employed, but 
only to have conceived the plan—not even 
yet fully perfected—of attaching a torpe- 
do to an enemy’s ship. Hence his sub- 
marine boat. Of this we have ample de- 
scription. A MS. account of it is preserved 
in the Patent-office Library in London, 
and there is besides a paper originally 
read by Captain Bushnell himself, before 
the American Philosophical Society, and 
republished in the “ Repertory of Arts,” 
vol. xv., p. 385, which gives a full account 
of it. From these descriptions we gather 
that the boat was tortoise-shaped, very 
strongly built of two elliptical plates of 
iron bolted together at the edges, and 
affording in the hollow between them 
sufficient space for a single person. At 
the bottom it was heavily loaded with 
lead to insure stability, but it could also 
take in ballast for the same purpose. Be- 


‘sides the operator, air sufficient to sup- 
/port him for 30 min. could be contained 
|in the inside. At the top was an opening 
with an air-tight door for entrance, at the 
bottom another door or valve through 
which water could be admitted when it 
was desired to descend, while a couple of 
force pumps served to eject the water 
when ascent was wished for. There were 
also two ventilating tubes on the top of 
the boat, which closed of themselves un- 
der water,and opened in the air. For 
motion there were two screw-shaped oars 
| —one vertical, the other horizontal. They 
could be turned either by the hands or 
| the feet, and are remarkable as being an 
early instance of the use of the screw- 
propeller. Part of the ballast was fixed 
so that it could be suddenly let down 
about 40 ft. or 50 ft. by a rope, and by 
this means the boat be permitted to rise 
suddenly in case of accident. There was 
no light, except such as might be admitted 
through the“dead-eyes” above, so the com- 
pass and the water-gauge, by which the 
depth of immersion could be ascertained, 
were rubbed with phosphorus to render 
them visible. Such was the boat in its 
principal parts as relating to its powers 
for navigation; but scarcely less impor- 
tant, considering the end it had to serve, 
was the arrangement for attaching and 
exploding a torpedo. In the fore part of 
the boat was a tube through which passed 
a screw that could be driven into the 
wooden bottom of a vessel and left there. 
Attached to the screw by a line was a 
powder magazine, which was cast off at 
the same time as the screw was detached. 
The screw being driven in, the infernal 
machine floated up against the side of a 
vessel, and was then exploded at a cer- 
tain time by a clock-work apparatus that 
was started by the casting off the machine. 
This was the whole contrivance, and a 
most ingenious one it was. It was com- 
pleted in 1775, with the object of being 
used in the War of Independence. The 
first experiments were upon hogsheads 
loaded with stones, and these being suc- 
cessful, the inventor was encouraged to 
make an attempt upon the Eagle, a 64- 
gun ship belonging to the English. The 
boat was sent out under the direction of 
a man named Ezra Lee, who succeeded in 
getting under the vessel ; but when at- 
tempting to fix the screw into its hull he 
struck a bar of iron. Trying to find 
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another place, he lost the ship and was 
obliged to rise to the surface to look about 
him. Daylight was then coming on, so 
he deemed it advisable to return, re in- 
Jecta. On his voyage home he found the 
torpedo impeded the boat in the heavy 
sea, so he cast it off, thus setting the 
clockwork in motion, and at the appoint- 
ed time it blewup. A detailed account 
of the adventure, taken down from Ezra 
Lee’s own lips, is given in “Silliman’s 
Journal” for April, 1820. 

Another attempt upon the Cerberus 
frigate, in 1777, was hardly more success- 
ful. Bushnell tried to tow a torpedo 
against her side by mears of a long line. 
This line was discovered by the crew of a 
schooner lying astern of the frigate and 
hauled in. While they were examining 
the torpedo, not knowing what it was, it 
blew up, and destroyed the schooner, kill- 
ing three of the four men onboard. Two 
or three months later in the same year 
Bushnell filled a number of kegs with gun- 
powder, and, after fitting them with per- 
cussion fuses, tried to float them down 
the Delaware agains the English shipping. 
Unfortunately for the success of the enter- 
prise, the kegs were frozen up for some 
time, and at last drifted down in the day- 
time. The crew of a barge attempted to 
take one up, when it exploded and killed 
four of them. Upon this a terrible com- 
motion was aroused, no one knowing the 
cause of the explosion. The soldiers 
turned out, the populace rushed apon the 
quays, and everywhere was the greatest 
confusion, until at last the origin of the 
sudden attack was discovered. Upon this 
the fleet opened fire upon the kegs, and 
continued until every floating object had 
disappeared. Naturally enough, this vig- 
orous warfare upon an inanimate foe gave 
great amusement to the Americans, and 
the “Battle of the Kegs” was celebrated 
in not a few mock-heroics, amongst others 
in a poem by the father of the writer of 
“ Hail, Columbia.” 

At last Bushnell, disheartened at the ill- 
fortune of his endeavors, gave them up 
and left America. Afterwards returning, 
he changed his name, and lived for some 
time in retirement in Georgia. At his 
death his real name became known, and 
his possessions were inherited by his 
proper heirs, a descendant of whom is 
now resident in New York. 

Of the value of his invention we have 





direct testimony in a letter from Washing- 
ton to Jefferson, written September 26th, 
1785. In thisGeneral Washington speaks 
of Bushnell as a man of great mechanical 
genius, though he did not believe in the 
practicability of his schemes. There was 
no doubt, the letter said, that Bushnell 
had a machine capable of conveying him 
to any depth, by aid of which he could 
fasten an infernal machine to the hull of 
a ship. The objection which General 
Washington saw was, that there were too 
many difficulties to be overcome, and that 
the chances of success were too small. “T 
thought,” he says, “and still think, that 
it was an effort of genius, but that there 
were too many things to be combined to ex- 
pect much from the issue, against an enemy 
who are always upon guard.” This was 
true, and still remains so; for, though the 
opinion was passed upon one of the ear- 
liest inventions of its kind, no means have 
yet been discovered of accomplishing the 
same object with certainty and security. 
Bushnell, however, did this much: he 
showed that the offensive use of torpedoes 
by means of a diving-boat was possible, 
and he left it for future engineers to per- 
fect the system he had originated. 

It is naturally only during war that we 
hear of new weapons being contrived. 
Hence we have to pass over twenty years 
before coming to another boat of the sort 
we are discussing. Fulton, when engaged 
upon his steamboat, went to France (1796), 
and when there tried to revive a project 
of his for a machine which could move 
under water. By its aid, “he hoped to 
deliver France and the whole world from 
British tyranny and oppression” (Colden’s 
“Memoir of Fulton,” p.15). His first ex- 
periment was made on the Seine. He at- 
tempted to impart motion to kegs of gun- 
powder under the water, and then explode 
them; but this scheme, like all others for 
contriving an automatic torpedo, failed, 
the Minister of Marine pronouncing it 
impracticable, as did also the Batavian 
Directory, to whom Fulton afterwards 
applied. At last Bonaparte, always ready 
to favor any scheme which gave him a 
chance of overcoming the English upon 
their own element, gave him money, with 
which he continued his experiments at 
Havre and Brest (1801). He then so far 
perfected his Nautilus—such was the name 
he gave his boat—that he could immerse 
it 25 ft. under water, and remain there an 
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hour. During this time the crew were in 
darkness, or at least they had only such 
light as a window in the bows of the boat 
could admit, since candles or other light- 
ing apparatus would consume too much 
air. The boat could sail on the surface, 
but not well; and thus belonged to the 
class of diving boats, or plongeurs—boats 
intended only for occasional and tempo- 
rary immersion. It took about 2 min. 
to prepare her for immersion. On one 
occasion he plunged to some depth, moved 
about 500 yards, came to the surface, 
again plunged, and returned to the spot 
from which he had started. On another 
occasion he remained below water for 4 
hours and 20 min. without inconve- 
nience, having taken down a globe of 
about a foot cubic capacity, filled with 
compressed air. He succeeded in demol- 
ishing an old brig in Brest harbor, and 
attempted to blow up an English man-of- 
war; but when he was on the point of at- 
taching his torpedo the ship moved away, 
and he was unable to find her again. 
Fulton does not seem to have carried 
his experiments beyond this to France ; 
but in 1805 he was in England, where, in 
order that his identity might not be 
known, he adopted the name of Francis. 
Of his experiments here he has left us an 
account in a curious and rather scarce 
work called “Torpedo War,” published 
in New York in 1810. He tells us how he 
got permission to make attempts upon 
the Dorothea, a strong-built Dutch brig, 
which was moored for the purpose off 
Walmer Castle. In this case he did not 
use his submarine boat, but towed 2 tor- 
pedoes against the ship by means of a 
line 70 ft. long stretched between 2 boats. 
After a day or two’s practice with blind 
torpedoes, he succeeded in towing 2 that 
were filled with powder against the ves- 
sel’s sides, where they exploded and blew 
the ship to pieces. “In 20 sec.,” says 
Fulton triumphantly, “ nothing was seen 
of her but floating fragments.” It was 
rather curious that among the spectators 
was an oflicer who declared, 20 min. be 
fore the explosion, that if a torpedo were 
placed under his cabin when he was at 
dinner he should feel little concern for the 
consequences. Of his unsuccessful at- 
tempt against the French fleet, made 
shortly before his experiment on the 
Dorothea, Fulton makes no mention in 
his book. In this case the machine ex- 





ploded prematurely, and the gunboat at- 
tacked was notinjured. His next-experi- 
ment was in America, in New York har- 
bor (1807). Here the locks by which the 
torpedoes were to have been exploded 
turned downwards, so that the powder 
fell out of them and they missed fire. On 
a second attempt the torpedo exploded at 
the wrong time, but on a third trial the 
ship was blown up. From the evident 
uncertainty of the machines they natur- 
ally came to be regarded with no great 
favor ; still we must remember that the 
means at Fulton’s command were very 
imperfect ; his row-boats and torpedoes, 
exploded by flint-locks, might hardly have 
been expected to accomplish more. Owing 
to the ill-success of his designs, Fulton 
seems to have given up his scheme of a sub- 
marine vessel, as indeed he soon after did 
all his attempts at making torpedoes, and 
devoted himself to his steamboat. During 
the war with America torpedo-boats of 
different sorts seem to have been used, 
but with no great success. “NiJe’s Re- 
gister” (American) speaks of one which 
escaped pursuit by diving like a porpoise. 

As with many other inventions, the ad- 
vocates of the new schemes were very 
sanguine as to their powers, and hoped, 
by means of the new engines, to destroy 
or render useless all the fleets of the 
world, and thus render the seas peaceful. 
Fulton, writing to one William Brent, 
said: “If successful, their benefits to 
America will be immense, for I still assert, 
and every reflection confirms my opinion, 
that these submarine mines must go to 
the annihilation of military navies, and 
consequently produce the liberty of the 
seas, relieve us of all the trouble and ex- 
pense of our foreign negotiations, and 
turn the whole genius and resources of 
our people to useful arts.” An expression 
of Lord St. Vincent shows the same feel- 
ing. After hearing from Fulton a full 
account of his machines, he declared that 
* Pitt was the greatest fool that ever ex- 
isted to encourage a mode of warfare 
which they who commanded the seas did 
not want, and which, if successful, would 
deprive them of it.” Whether we still 
have command of the seas remains to be 
seen ; at least we may hope that the ques- 
tion will not have to be solved just yet 
awhile. At all events, we are hardly 
strong enough to make it worth our while 
to despise the use of torpedoes—weapons 
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adapted, beyond all others, to coast de- 
fence. As to the inhumanity of the ma- 
chines—a question upon which the minds 
of their earliest opponents were greatly 
exercised—of course the progress of civil- 
ization during the past 2 years has quite 
settled that question. Indeed, all war- 
like inventions from gunpowder unwards 
have, each in their turn, been condemned 
after the same fashion. 

From the time of Fulton to the break- 
ing out of the American Civil War no 
submarine vessels seem to have been con- 
structed. Several patents, indeed, were 
taken out in England for inventions of 
this sort, but none of them seem to have 
been much experimented with, or to have 
had much success. In 1805 John Schmidt 
and Robert Dickinson invented a sort of 
diving machine, which was to be moved 
by oars working at its lower edge. In it 
the vitiated air was to be free from car- 
bonic acid by providing for its absorption 
by caustic alkali. This is noticeable as 
being apparently the first time this means 
was used for the purpose. As yet nobody 
seems to have succeeded in really purify- 
ing air by caustic alkali, but there seems 
no reason why it should not ultimately be 
done. The difficulty is to separate the 
impure air from the remainder, and ex- 
pose it specially to the purifying action. 
The next English patent connected with 
the subject was granted in 1854 to J. H. 
Johnstone, for a vessel, invented by 
Messrs. Payerne and Lamiral, with seve- 
ral compartments, some open to the 
water, as in a diving-bell. Propulsion was 
to be effected by a steam engine, whose 
fuel was “a chemical composition.” The 
air was to be purified by an alkaline solu- 
tion, while oxygen or condensed air might 
be carried, to be used as need required. 
The following year Casimir Deschamps 
and Charles Vilcocq patented a “ free div- 
ing boat,” to be propelled by a screw 
turned by the hand. Its chief peculiarity 
consisted in an arrangement for an elec- 
tric light at the top. A “ Nautilus,” de- 
scribed in the “ Journal of the Society of 
Arts,” March 6th, 1857, as the invention 
of Major Lears, was not really a boat, but 
a sort of diving-bell, which was not sus- 
pended from above, but ascended and de- 
scended by the admission and emission 
of air from above through tubes. It could 
be moved by men walking on the bottom, 
and pressing against the inside, but no 





other means for horizontal motion were 
provided. A machine of the same sort 
was at work in Cherbourg harbor in 
1855, while as far back as 1776 the Socie- 
ty of Arts had given a prize to Mr. Spal- 
ding, of Edinburgh, for a similar inven- 
tion. In 1859 another submarine boat 
was invented by J. M. Masson ; in it the 
chief features of novelty are described as 
consisting in the compression of the air 
before descent, and its increased com- 
pression by means of the generation of 
carbonic acid gas within inflatable india- 
rubber bags. 

The outbreak of the American war gave 
great impulse to the use of torpedoes, in 
fact it was in the defence of the Southern 
coast that these weapons were first used 
to any real extent in war. Hence va- 
rious attempts on both sides to constr uct 
a submarine boat which should be used 
to carrya torpedo. For this purpose two 
sorts of boats were used, one submarine, 
the other not. In spite of the difficulty 
of getting a small vessel close to a ship 
without being observed, swift steam 
launches on more than one occasion man- 
aged to explode a torpedo against the 
sides of a hostile ship, sometimes with 
considerable effect. The Federal ship 
Memphis was severely injured by one of 
these “‘ Davids”—as they were called from 
their diminutive size—and the Ironsides 
damaged, but not so severely. When 
Charleston was taken, 9 boats, specially 
constructed for this purpose, were found 
there. They were “cigar-shaped,” very 
low in the water, and by no means par- 
ticularly safe, one of them having, it is 
believed, been swamped by the wave 
raised by the explosion of its own torpe- 
do. They trusted to their small size to 
escape detection, while the same fact 
made them a difficult target for their op- 
porent’s guns. On the other side, the 
Confederate iron-clad Albemarle was sunk 
by Lieutenant Cushing with a steam- 
launch carrying a torpedo on the end of 
aspar. The ship was moored to a wharf 
with a barrier of logs round her ; but 
Lieutenant Cushing, with the most reck- 
less daring, actually charged the barrier, 
partially burst it in, and succeeded in ex- 
ploding the torpedo under the quarter of 
the iron-clad, which immediately went to 
pieces. 

These were the most important instan- 
ces during the war of the attack and in- 
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jury of ships by torpedo rams which had 
not the power of being submerged. One 
instance, and one alone, there is of a ship 
having been destroyed by a submarine 
boat. The Housatonic, a Federal sloop 
of war, was lying outside Charlestown 
harbor on the night of February 17th, 
1864, when the officer of the deck noticed 
something like a plank floating close to 
the ship; it came rapidly towards him, 
and reached the ship’s side about two 
minutes after it was first observed ; in 
another minute the explosion occurred, 
before the engines could be backed, or any 


preparation made to repel the tiny foe, Merrimac. 





ment the boat passed under the stern 
of the steamer, and it is supposed that 
the screw broke the spar on which the 
torpedo was fixed, for she disappeared. 
In appearance she was described as being 
like a ship’s boat turned bottom upwards; 
she was about 25 ft. long, and painted 
lead color. 

At an early period of the war the Gov- 
ernment of the United States paid a 
Frenchman $10,000 for an invention of a 
submarine boat, and arranged with him 
to superintend the working ofit. It was 
intended especially to blow up _ the 
Unfortunately, as soon as 


especially as from the position of the guns | the boat was completed the Frenchman 
it was impossible to fire at it while close decamped, and as no one understood it 


under the ship’s side. 


Immediately on | she was never much tried. She was ci- 


the explosion the ship sank stern first, the | gar-shaped, and was inten led to be sunk 


crew, with five exceptions, saving them- 
selves by going into the rigging. The 


by admitting water into a compartment 
and raised by its expulsion. She was to 


destruction therefore of the ship was com- | be be propelled by 16 oars, the blades of 
plete, but it was bought at the expense of | which were like a duck’s foot, and col- 


the loss of the attacking boat, which was lapsed during the forward stroke. 
It was supposed | purify the air there was a vessel contain- 


never again heard of. 


To 


either that she went into the hole made ing lime, and a bellows attachment for 


by the torpedo in the Housatonic, or that forcing the air through it. 


It was said 


she was swamped by the sinking of the | that the Frenchman’s plan was to emerge 


ship. Recent explorations by divers have 
shown the latter to be the case. She 
seems to have been a remarkably danger- 
ous craft, for three times before, she had 
sunk and drowned all, or nearly all her 
crew, but had been on each occasion 
raised, till at last, her mission accom- 
plished, she sank out at sea, to rise no 
more. 

She was built of boiler iron, 35 ft. long, 
and was manned by a crew of nine men, 


eight of whom worked the propeller by | 


hand, while the ninth steered. She could 
be submerged to any depth; in smooth 
water her speed was 4 knots. It was in- 
tended that she should dive under the 
keel of an anchored vessel, and drag a 
floating torpedo against her, which should 
explode on touching the ship’s side. On 
this occasion, however, she seems to have 
adopted the plan of carrying the torpedo 
at her bows, as was usual with torpedo- 
boats. It is also noticeable that she did 
not approach the Housatonic below water, 
but was visible from the deck while near- 
ing her. A few months later, a similar 
attempt was made on the U. S. steamer 
Memphis, but the boat was perceived fifty 
yards away, so the ship slipped her cable 
and went ahead. Owing to this move- 
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from the boat in a diving dress, attach a 
torpedo, and leave it to explode by ma- 
chinery. A more perfect torpedo boat, 
but not a submarine one, is the Spuyten 
Duyvil, constructed at the end of the war,. 
for the United States Navy. A descrip- 
tion of this most remarkable vessel will 
be found in a book published in New 
York, by Lieut.-Commander J. S. Barnes, 
United States Navy, under the title of 
“Submarine Warfare,” a work to which 
we also owe the account of the boat above 
referred to, and much information on the 
subject of torpedoes as used during the 
American wars. 

In England we have not, of late years, 
had any notable inventions of this sort, the 
principle being one patented by Mr. Mer- 
rian, an American. Even in this there 
are not many principles of novelty. The 
boat is of ovoid shape, and consists of 
several compartments, in one of which 
the crew can work, while the others are 
to be used as reservoirs of air, to be stored 
up at any required pressare. The bottom 
is a heavy cast-iron plate; in it are several 
doors, one of which is inclosed within an 
air-tight compartment, so that it can be 
opened to the water, if needed, as in a 
diving-bell, without affecting the pressure 
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of the air in the other compartments. 
Fore and aft are heavy weights, which 
can be raised or lowered, to act as “ sus- 
pended ballast,” or even as anchors. A 
screw propeller is arranged on a swinging 
frame, so that it serves as a rudder. For- 
ward is a bar with suitable gearing for 
attaching a torpedo without going out of 
the boat. The boat is intended to be 
used both for military and other pur- 
poses. 

A few years before, a foreign patentee, 
named Rivie, took out a patent for a boat, 
consisting of two concentric cylinders, 
between which water was to be admitted. 
Also W. Bauer, of Munich, in 1853, in- 
vented a submarine boat, which was to be 
driven by a gas engine. Air was to be 
supplied from above by pipes. In the 
sides were holes fitted with water-tight 
sleeves (as in Williams’ invention, 1692), 
through which the arms of the crew could 
be thrust, so that they might work out- 
side. The same inventor in 1866 patented 
a submarine vessel capable of a certain 
amount of independent motion, by aid of 
a screw propeller, but intended to be let 
down by chains from a ship. 

In the Paris Exhibition of 1867 a model 
for a submarine boat was exhibited. It 
was not allowed to take any sketch, and 
the following description is taken from an 
account of it given in “A Treatise on 
Coast Defence,” by Von Scheliha (London, 
1868). The model isa French one. The 
dimensions of the boat are:—Length, 
43.3 metres ; height, 3.36 metres ; width, 
7.5 metres. On the top is a deck. She 
is to be propelled by a screw, placed in 
the usual position. The engine is worked 
by compressed air, as is also a pump for 
emptying or filling water reservoirs at the 
bottom of the boat. There is an appar- 
atus by which it was said the boat could 
be instantly lowered or raised to the sur- 
face. On the top of the vessel a life-boat 
was secured by screws. Besides the main 
screw, a small vertical screw above the 
boat is intended to assist its ascent or de- 
scent. A tube for a torpedo, to be fired 
by electricity, is attached. Whether any 
experiments have been made with this 
boat does not appear, and the late war 
has not given many opportunities for test- 
ing its use, or, possibly, we should have 
heard more of it. 

Such, in brief, seem to have been the 
principal recorded instances we have of 





vessels of this nature. From them it will 
appear that the problem of submarine 
navigation is, at least, not insoluble, 
whatever may be the difficulties in the 
way. ‘True, these difficulties are so great 
that the general opinion of engineers is in 
favor of torpedo-rams, which have po 
power of being submerged, as—with all 
the danger attending them—being less 
risky than the diving boats. Still there 
seems no reason why they should not 
eventually take their place among engines 
of war. Before this can be the case, the 
immense danger attendant on their use 
must be got over by their being made 
more perfect and sure in their working 
than they as yet are. As for the supply 
of air, the boat need only be submerged 
for a short time, and sufficient air for a 
small crew can easily be taken down in a 
compressed state, even without the assist- 
ance of any purifying or disinfecting 
agent. The use of “ suspended ballast,” 
which might be cast off instantly, if re- 
quired, so that the boat would rise to the 
surface, would get rid of the danger aris- 
ing from the slight difference between the 
weight of the boat and that of the bulk 
of water displaced, so that a very small 
derangement is enough to make her sink 
at once. True, the motive force is a diffi- 
culty. Steam is, of course, out of the 
question, from the great amount of air 
consumed, and hand power is hardly 
sufficient, while it involves the presence 
of a comparatively numerous crew. Per- 
haps the gas engine may supply the want, 
as the material for the supply of the en- 
gines is capable of being soimmensely com- 
pressed that it takes up hardly any room 
to speak of. How the remaining chief 
difficulty, that of directing the boat under 
water to the required spot, is to be got 
over, it is not easy to say. This is the 
great problem, and though as far as we 
can trust the accounts of their exploits, 
Fulton and Bushnell accomplished it, 
modern engineers have not been so suc- 
cessful. Perhaps the most that can be 
hoped for is, that a boat should by night 
approach within a certain distance of an 
anchored vessel, accurately lay its course, 
and then dive below her, and fix a torpedo 
to be afterwards exploded. Percussion 
torpedoes must of necessity be somewhat 
dangerous to the boat which carries them, 
as well as to the ship attacked. Alto- 
gether the difficulties do not seen insuper- 
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able, and perhaps the next maritime war 
will see a flotilla of these tiny but venom- 
ous war ships. How effective they would 
be if they could be made safe and certain 
in their action, is obvious. Two or three of 
these insidious little vessels might destroy 
a whole fleet of iron-clads, whose weak 
point, like that of Achilles, is in the heel. 
True, it is said that the way iron-clads 
are built, in several compartments, would 
prevent one of them being sunk by a tor- 
pedo; but this is very doubtful, and it is 
much more probable that a torpedo well 
fixed to the hull of the finest iron-clad in 
the world would soon decide its fate. 





Besides, even the mere fact of the pres- 
ence of torpedo boats has a very haras- 
sing effect upon a fleet, any one of which 
may suddenly, without a moment's notice, 
or a chance of self-defence, be blown into 
the air. Such considerations render it 
certain that the Goliaths of the sea will, 
in case of war, have to encounter the at- 
tacks of “ Davids,” such as the best of 
those used in the American war, or boats 
like the Spuyten Duyvil above referred 
to; whether their place will be taken by a 
true submarine vessel cannot as yet be 
said. It is at least less unlikely than is 
generally supposed. 





GRADIENTER SURVEYING. 


By H. HAUPT, C, E 


Written for Van Nostrand’s Magazine, 


An experimental survey has just been 
completed for the extension of the She- 
nandoah Valley Railroad, from Covington, 
Va., to Russelville, Tennessee, the results 
of which, as regards economy and rate of 
progress, are so extraordinary, that a 


brief account of the system which has 
been adopted may not prove uninterest- 
ing. 

The number of miles surveyed was 300; 
the whole time in the field about 5 months; 
the whole cost of the survey, $1,850, of 
which $1,050 was for salary of the assist- 
ant in charge, leaving only $800 to cover 
expenses of wagon and party, including 
supplies and outfit. 

A considerable portion of the route 
was through brush and laurel thickets, 
where rdads were cut for the ox wagon 
which carried supplies. 

The average daily progress was 3 miles, 
maximum 7} miles; but on long summer 
days 10 miles in open ground would be 
practicable. 

The instrument used was Wiirdemann’s 
gradienter, to which stadia wires for 
reading distances by means of rods had 


been added. 


DESCRIPTION OF GRADIENTER. 


The gradienter consists of a light but 
very powerful telescope, with attached 
spirit level and compass box, horizontal 
limb graduated from zero to 360 deg., 
circular spirit level attached to limb, and 











instead of vertical limb, a peculiar ar- 
rangement for measuring angles of eleva- 
tion called a percentage screw. 

This is the ordinary form of the gradi- 
enter as manufactured for the Coast Sur- 
vey Department, but to adapt it to rail- 
road experimental surveys, three stadia 
wires were added, the middle horizontal 
wire intersecting the vertical wire in the 
axis of the telescope, the other two form- 
ing spaces having the relative proportion 
of 1, 2, and 3. 

The percentage screw is the great fea- 
ture of this instrument. It is finely and 
accurately cut, and carries a horizontal 
disc of about 1} in. in diameter, on the 
periphery of which are 100 subdivisions. 
This disc revolves in contact with a ver- 
tical graduated scale, and the parts are 
so calcuiated and adjusted, that one com- 
plete revolution of the percentage screw 
corresponds with one division of the scale, 
and each division marks 1 ft. in 100 of 
elevation or depression. The percentage 
screw subdivided this foot into 100 parts 
with surprising accuracy, showing great 
nicety of mechanical construction. 

In testing the instrument at a distance 
of 500 ft., the elevations as determined 
by the percentage screw would seldom 
vary more than an inch from true levels ; 
and although this would not be sufficient- 
ly accurate for canal surveys or railroad 
final locations, yet for experimental lines 
such an instrument is of great utility, 








824 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





and it can be used as an ordinary 
level with less rapid progress where great 
accuracy is required. 

RODS. 

The rods used were of peculiar form, 
eonstructed by the writer to facilitate 
the reading by the assistant of levels 
and distances at the same _ time. 
Each rod consisted of two pieces 3 in. 
wide, } in. thick, and 10 ft. long, con- 
nected by hinges so as to shut together 
like the leaves of a book, and thus pro- 
tect the graduation from abrasion. One 
side of these rods was graduated in feet, 
tenths and hundredths from the bottom 
up, and read as an ordinary levelling rod 
by the assistant. The other side was 
graduated from the top down for dis- 
tances, by first measuring accurately 500 
ft., and marking the space covered by the 
extreme wires. This space being sub- 
divided into 5 parts, each part would re- 
present a distance of 100 ft., and each of 
these spaces was again subdivided into 
100 parts representing feet. The gradua- 
tion was peculiar and very legible. 


MODE OF USING THE GRADIENTER AND RODS. 


The adjustments of the instrument are 
simple, but as the threads of some of the 
most important screws are fine and deli- 
eate, care must be taken not to strain 
them. 

The instrument being adjusted, the first 
operation consists in levelling by the sen- 
sitive circular levet attached to the hori- 
‘izontal plate. Next, to bring the zero of 
the percentage screw in contact with the 
zero of the scale, when the level attached 
to the telescope shor!d also be horizon- 
tal. Ifitis not, the instrument is out of 
adjustment. Next, place the zeros of the 
vernier and limb in juxtaposition and 
clamp them. Next, turn the object end of 
the telescope towards the north and un- 
screw the needle; when the needle has 
settled, bring the zero of the compass 
are to it by means of the tangent screw, 
and clamp firmly. The telescope is now 
in the direction ofthe meridian, and the 
verniers at zero ; the needle may now be 
screwed up; it is not used for reading 
courses, but only to determine the meri- 
dian, for which purpose it is made long 
and sensitive. The vernier is now un- 
clamped and the courses read from 0 deg. 
to 360 deg. 

The observer now turns the telescope 








to the back rod, and, bringing the top 
hair to the top of the rod by means of 
the percentage screw, reads and records 
the distance and the course. 

Next bring the zero of the percentage 
screw to the zero of the scale. If the rod 
can be seen, the level can be read at once; 
if not, the telescope must be elevated or 
depressed, so as to bring the middle wire 
against the rod. It is most convenient in 
practice to turn the percentage screw a 
given number of complete revolutions, as 
it renders calculation more simple. A 
single example will be sufficient for ex- 
planation. 

Suppose the distance as recorded is 480 
ft., that the level from the observer strikes 
below the bottom of the rod, and that the 
telescope has been elevated 5 turns of 
the percentage screw to bring the rod into 
view, as each turn corresponds to 1 ft. in 
100, 5 turns would be 5 ft., and in a dis- 
tance of 480 ft., the elevation of the line 
of sight would be 4805 = 24 ft. above 
the level. If this line should strike the 
rod at a reading of 5.42, then 24—5.42— 
18.58, which would represent the level of 
the instrument below the bottom of the 
rod, and the reading would be entered in 
the column of back sights 18.58. 

Suppose the ground continued to de- 
scend, and the forward sight should read 
30.20, the difference of level between the 
two stations, equal to the difference be- 
tween the back and forward sights, would 
be 30.20—(—18.58) = 48.78 ft. It will be 
perceived that by this system negative rods 
can be read, which is not possible by the 
ordinary system of levelling, where, if the 
line of sight strikes below the rod, the in- 
strument must be moved toa higher level. 
It is also possible, by means of the per- 
centage screw, to read posilive rods of 40 
or 50 ft. with considerable accuracy, and 
thus avoid the short intermediate stations 
reqnired in ordinary levelling. 

The survey of the Shenandoah Valley 
extension, just completed by O. Barrett, 
Jr., is the first upon which this system of 
surveying has been used. The results, 
however, are very satisfactory. The cost 
per mile as compared with former sur- 
veys, has not been more than one-fourth, 
and the daily progress double. The en- 
gineer records at each setting of the in- 
strument courses, distances, total dis- 
tance, back sight, forward sight, tutal level, 
and slopes. It is not absolutely neces- 
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sary that a man in his party should be 
able to read or write, but it is convenient 
to have an axe man who can mark sta- 
tions. One axe man and two rod men 
constitute the party. Each of the rod 
men should carry a short bill hook sus- 
pended from his belt to be used in cutting 
through thickets. 

One rod could be dispensed with, but 
the progress in open ground is much more 
rapid with two. 


Instead of using stakes exclusively, it is 
preferable, where practicable, to mark 
stations on trees, fences, rocks, and build- 
ings, and to mark with paint. The 
measurement of distances by the stadia 
wires is, on broken ground, quite as ac- 
curate as ordinary chaining. And in 
crossing streams, marshes, or other ob- 
structions, it has great advantages ; they 
| scarcely retard progress where measure- 
‘ment by chain would be impracticable. 








A SIMPLE FORMULA FOR EARTHWORK. 


Written for Van Nostrand’s Magazine. 


The computation of earthwork is gene- 
rilly affected by the use of tables, but 
the engineer not unfrequently finds him- 
self unprovided with these, and is then 
obliged to go through with a great deal of 
tedious figuring in taking out his quanti- 
ties. It is hoped that the following sim- 


ple formula may be occasionally found | 


useful in such cases. 
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If the side slopes were continued under 
the road-bed, they would meet at a certain 
point, which, with a given width of for- 
mation and ratio of slope, would be ata 
constant distance below grade, and form 
a continuation of the centre height, as 
shown in the figure. There would be 
also, a certain constant solid under-for- 
mation in excess of the actual quantity 
to be taken out, in a given section. This 
solid can be easily calculated, once for ali, 
for any given road-bed and slope, and re- 
served as a subtractive.quantity to be de- 
ducted from that obtained by computing 
the whole solid above and below the road- 
bed. 

Let C =the centre height at one end 
of asection of 100 ft., plus the constant 
distance of the point of junction of the 


two side slopes under the road-bed, and’ 


D = the sum of the distances out, at the 
same end. C’ and D’ = the same at the 
other end, and P = the constant subtrac- 
tive solid already mentioned. 

The total end areas above and below 
grade are easily obtained from these data. 
Thus, the area at one end 

cD 


C’ D’ 
= and at the other, = 


The mid 


The prismoidal formula gives for the 
cubic yards in a 100 ft. section :— 
cD CD, , oD 

2° 32 2 
——"oq : 

C" and D” are obtained by taking the 
arithmetical mean of C, C'and D, D’. We 
have therefore, 
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Reducing, and subtracting P, we ob- 
tain the working formula— 
S—0.3086 (20CD+20'D'+CD'4+C'D)-P 
In ordinary calculations the first factor 


may be taken at 0.31. When the excava- 
tion runs out, C’=the constant height 
under the grade, and D'=the width of 
road-bed, the first factor = 


P , PL 
subtractive solid = iw * 


. , and the 
4 


3 


The above calculations are of course 
applicable to embankments also. 

Mr. John Warner has based some ex- 
cellent earthwork tables upon the con- 
tinuation of the side slopes below grade, 
with the subtraction of the “ Redundant 
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Prism,” but it is believed that the above 
adaptation of the prismoidal formula has 
never before appeared in print. 

In this connection, it may be in place 
to give the following convenient formula 
for side heights : 





Lét C = centre height of cut or fill. 
R = reading of rod at station. 
R= ~ 66 side stake, 
Then in cut, whether up or down slope, 
Side height = R-+ C-—R. 
And in fill, whether up or down slope, 
Side height = R’+ C—R. 





FOUR-WHEELED LOCOMOTIVES. 


From * Engineermg.”’ 


During the past 2 or 3 years there has 
sprung up on many of the Continental 
railways, and particularly on some Ger- 
man lines, a strong predilection for 4- 
wheeled tank and tender locomotives ; 
and so extensively are such engines now 
being employed for almost all classes of 
traffic on the railways to which we refer, 
that it appears to us desirable that we 
should consider here their advantages 
and disadvantages. First, then, it is 
claimed for the 4-wheeled engines, by 
those who advocate their employment, 
that they are less costly than the 6- 
wheeled type ; that the whcle weight is 
available for adhesion; that they pass 


readily round curves ; and that there is| 
a less variation of the load on the differ- 


ent wheels when the engines are running 
than occurs with 6-wheeled locomotives. 
That the advantages thus claimed are im- 
portant, it is impossible to deny, and the 
only question is, therefore, whether they 
can really be obtained by building loco- 
motives with 4 wheels only. With the 
exception of the first advantage men- 
tioned, namely, that of less cost, it is, 
however, we consider, extremely doubt- 
tul whether the claims can be substanti- 
ated, while even as regards saving of 
cost, we doubt whether there is really so 
much in it as the advocates of the 4- 
wheeled engines appear to imagine. It 
is undoubtedly true that with a given 
amount of boiler power, and a given size 
of cylinder, an engine will cost less if 
carried on 4 wheels than if mounted on 
6; but the difference is, in our opinion, 
not sufficiently great to counterbalance 
the extra risk involved in running the 4- 
wheeled engines. If an engine be mount- 
ed on 4 wheels only, the springs must be 
heavier, the bearings and axle-boxes 
larger, and the axles stronger than 
would be required for the coupled wheels 
of a 6-wheeled locomotive of the same 








total weight ; while the frame, being less 
efficiently supported, will also require 
additional strength to give it the same 
power of resistance which it would pos- 
sess in a 6-wheeled engine. These various 
matters combined will go no inconsider- 
able way towards counterbalancing the 
cost of a third axle and pair of wheels, 
and the fittings connected with them. 
The claim that in the 4-wheeled en- 
gines all the weight is available for ad- 
hesion must be allowed: of course; but 
whether this is in all cases an advantage 
or not is another matter. The truth is, 
that the amount of adhesion required to 
turn to account the whole power which 
a locomotive is capable of developing 
varies, inversely, according to the speed 
at which the engine is run; the higher the 
speed, the less being the adhesion re- 
quired. Thus, let us suppose the case of 
a locomotive having a boiler of such size 
as to be capable of supplying steam suffi- 
cient to develop in the cylinder 10,000,000 
foot-pounds of work per minute over 
and above that required to overcome the 
frictional or other resistances of the en- 
gine itself. If, now, the engine is mov- 
ing at a speed of but 1,000 ft. per minute, 
or a little under 12 miles per hour, a pull 
of 10,000 lbs. will have to be exerted to use 
up the power developed, and the adhesion 
weight will have to be such as will enable 
this pull to be exerted without causing the 
engine to slip. If, however, the speed of the 
er gine be increased to 5,000 ft. per minute, 
then the pull necessary to use up the 10,- 
000,000 foot-pounds of available work de- 
veloped per minute in the cylinders would 
b 00 = 2,000 Ibs. only, and the ad- 
hesion weight required would be only + of 
that necessary in the case first supposed. 
Thus, although in the case of engines 
travelling at slow speeds it is desirable to 
have a great proportion of the weight 
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available for adhesion, yet in the case of 
fast-running engines this is by no means 
always necessary, particularly if the trains 
worked by such engines do not require to 
be started very quickly. While, therefore, 
the 4-wheeled arrangement possesses an 
advantage when adopted for shunting 
engines or goods engines travelling at low 
speeds, the fact of it enabling all the 
weight available for adhesion ceases to be 
an advantage when the speed becomes 
higher. Thus, on the Rhenish Railway— 
where some 4-wheeled tank engines are 
in use, working the traffic for the steam 
ferry at Duisburg, and where, also, 4- 
wheeled goods engines are employed for 
hauling the coal and mineral trains on 
the Osterath-Wattenscheid line—it has 
been found that, although these locomo- 
tives are capable of exerting great tractive 
power when moving slowly, yet that it is 
impossible to keep up sufficient steam to 
maintain this tractive effort at a higher 
speed. For this reason the 4-wheeled 
engines are not used on the main line of 
the Rhenish Railway, as, the load on each 
axle already averaging 15 tons, the boiler 
power cannot be increased. 


As regards the power of traversing 
curves easily, there is much to be said 
against as well as in favor of 4-wheeled 


locomotives. At low speeds such engines 
do, from their short wheel base, undoubt- 
edly get round curves well, but at any- 
thing like a high speed this short wheel 
base, combined with the overhanging 
weight, occasions a great wear of the 
wheel flanges when curves are being 
traversed In the majority of cases, also, 
the drawbars are arranged so that the 
pull exerted on the train acts at a con- 
siderable leverage in opposition to the 
guiding force exerted by the wheel flanges, 
and thus increases the wear of the latter. 
To a great extent, however, this wear due 
to the pull exerted on the train is a pre- 
ventable evil, and we shall not, therefore, 
urge it as an inherent objection to the 
4-wheeled system. Quite apart from 
this, however, the shortness of the wheel 
base of the 4-wheeled engines exag- 
gerates the effect on the permanent way 
of all lateral oscillations, whether on 
curves or straight lines, and this increase 
of effect, of course, shows itself on the 
wheel flanges. Thus on the Saxon State 
Railway, where a number of 4-wheeled 
locomotives are in use, it has been found 





that in these engines the wear of the lead- 
ing tyres is greater than in the case of 
6-wheeled engines with a 2 ft. longer 
wheel base. On the Dresden and Chem- 
nitz branch of this railway there are in 
use some 4-wheeled engines, weighing, 
in working order, 27} tons, some of these 
engines having 4 ft. 6 in., and some 5 ft. 
wheels, while the wheel base is 8 ft. 6 in. 
The tyres of the 4 ft. 6 in. wheel engines 
are found to run on an average 20,350 
miles, and those of the 5 ft. wheel engines 
14,200 miles before re-turning becomes 
necessary, while the tyres fof some 6- 
wheeled engines, weighing 37 tons, and 
having 4 ft. 6 in. wheels, with a wheel 
base of 10 ft. 4 in., run 19,900 miles with- 
out the tyres being turned. It should be 
mentioned, however, that in these latter 
engines the trailing and leading wheels 
were transposed after 14,200 miles had 
been run. The authorities of the Saxon 
State Railway, in the report made by 
them the year before last to the German 
Association of Railway Engineers, affirm- 
ed that the 4-wheeled engines were 
very unsteady on the curves, and that 
even on straight and level lines they were 
not considered fit to run at speeds of over 
6 German miles (= 28} English miles) 
per hour. Similar reports were also ob- 
tained from some other lines, but it is 
only fair to state that precisely opposite 
evidence was afforded by several railways, 
the authorities of the Wurtemburg State 
Railway in particular affirming that the 
4-wheeled engines employed by them 
run easily over curves, show no lateral 
oscillation at high speeds, and are, in fact, 
equal in this respect to the best 6-wheel- 
ed engines. 

The assertion that in 4-wheeled engines 
there is a much less variation of the load 
on the axles than in the 6-wheeled type, 
is one for which we believe there is no 
foundation whatever. In fact, both theo- 
retical considerations and practical expe- 
rience are directly opposed to it. All who 
have ridden on the old 4-wheeled loco- 
motives of the Bury type, formerly largely 
used in this country, will well remember 
how those engines used to “gallop” at 
high speeds, while at the present day it 
is only necessary to ride on the foot-plate 
of an ordinary contractor’s 4-wheeled tank 
engine and watch the action of thesprings, 
to be convinced that the latter are in 4- 
wheeled engines by no means free from 
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variation of load. Notwithstanding these 
facts, however, great equality of load on 
the springs has been extensively claimed 
as a special attribute of 4-wheeled en- 
gines, and even Baron von Weber, whose 


‘but it is also undoubtedly in excess of 
the variation which occurs in 6-wheeled 
- engines properly mounted on their springs, 
so that the weight is carried on 3 points 
only. 


admirable researches on the stability of| We do not hesitate to say that an 


permanent way are familiar to our read- 
ers. has gone so far as to condemn 6- 
wheeled engines in favor of 4-wheeled, 
almost exclusively on account of this sup- 
posed good quality. In December, 1870, 
we published an account of the Baron’s 
ingeniously conducted experiments in 6- 
wheeled locomotives, and gave a Table 
containing a summary of the results he 
obtained. These results showed that in 
the case of leading wheels carrying a nor- 
mal load of 5} tons per wheel this load 
was sometimes increased when running 
to over 9 tons, and sometimes diminished 
to but 14 tons; while in the case of 
another engine, of which the wheels had 
anormal load of 3.65 tons, the load rose 
in some cases to 7.35 tons, and actually 
fell in others to as little as 5 ewt. only— 
an amount less than ~ the normal load. 
These and other similar results obtained 
from the 6-wheeled engines on which the 
experiments were made appear to have 
led Baron Von Weber to condemn such 
engines altogether, for. he advocates 
strongly the exclusive use of 4-wheeled en- 
gines. Besides, however, the rough-and- 
ready experience to which we have allud- 
ed, exact experiments are available to 
prove that the asserted maintenance of 
equal loads on the wheels of 4-weeled en- 
gines is a purely imaginary quality. Such 
experiments were carried out some time 
ago on the Saxon State Railway, with 
some 4-wheeled engines, having a normal 
load of 7 tons per wheel, when it was 
found that while running, this load fell to 
as little as 4 tons, and increased to as 
much as 11} tons. The engine on which 
the experiments were made had an inde- 
pendent spring above each axle-box; but 
there are also on the same line some oth- 
er 4-wheeled engines in which the weight 
is carried on 3 points only, the 2 trailing 
springs being connected by a transverse 
lever. These engines are said to run 
steadier than the former, but less freely. 
The variation of load recorded during the 
experiments with the 4-wheeled engines 
on the Saxon State Railway is undoubtedly 
less than that registered during Baron 
von Weber’s trial of 6-wheelel engines ; 


engine with 4 coupled wheels of which the 

|springs are connected on each sie by 
‘compensating beams, while either the 
‘leading or trailing end of the engine is 
‘supported centrally on a properly con- 
| structed bogie, possesses a degree of free- 
'dom from variation of the lead on the 
| wheels which cannot be obtained in any 
ordinary 4-wheeled type of engine. 

We have hitherto said nothing respect- 
ing the disastrous results attendant upon 
the fracture of an axle of a 4-wheeled 
engine, and it is really unnecessary that 
we should enlarge upon the point. Al- 
together we consider that the balance of 
evidence is decidedly opposed to the con- 
clusion that a 4-wheeled type of loco- 
motive can be satisfactorily employed for 
any but slow traftic, or for shunting pur- 
poses. For such uses 4-wheeied en- 
gines may undoubtedly be very frequent- 
ly employed with advantage, and had 
their use been confined to such services, 
we should have had little or nothing to 
say respecting them here. As it is, how- 
ever, we caunot but regard their increas- 
ing employment on the Continent for 
working fast passenger traffic with a cer- 
tain amount of apprehension, and we fear 
that the practice of so employing them 
may eventuate in a sad lesson, the results 
of which, although they may be deplored, 
will be irremediable. 





REPORTS OF ENGINEERS’ SOCIETIES. 


NNOUNCEMENTS TO MEMBERS AND ASSO- 
c1iATEs.—I. Is is believed that several names 
of members and associates elected at the Bethlehem 
meeting in August, 1871, have been accidentally 
omitted by reason of a loss of the portion of the 
records of that meeting. Such persons or their 
friends are requested to communicate with the 
secretary. 

If. All members and associates who have not 
paid their dues, are requested to do so at once, by 
sending in postal orders, or check or money, $10 to 
the secretary. 

All members and associates who pay their dues 
for each current year, strictly in advance, will 
have sent to their address regularly and weekly, 
the “ Engineering and Mining Journal,” which is 
the organ of the Institute, and will contain the 
proceedings and transactions, and all important 
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papers read before the Institute, and all notices of 
meetings. Back numbers cannot, as a general rule, 
be sent. 

IIL. It is expected that the more important papers 
read before the Institute, and the debates thereon, 
will be published in annual or semi-annual vol- 
umes, to which those members and associates will 
be entitled who have paid their dues. 

IV. Authors of papers are requested to notify 
the secretary in advance of the meetings, giving 
the subject and length of their papers. Attention 
is also called in this connection to rules 12 and 13. 

V. The next meeting of the Institute will be 
held in Philadelphia, beginning on Tuesday, 
February 20, 1872, at 8 p.m. The Council will 
meet at 3.30 Pp. M. of the same day. Messrs. Les- 
ley, Drown, Blandy, Fraser, Gaujot, and Lyman 
are the local committee of arrangements. The 
sessions will be held at the University of Pennsyl- 
vania, in Ninth street, above Chestnut, and the 
headquarters of members will be at the Bingham 
House, corner of Eleventh and Market streets. 

Martin Coryell, Secretary, Wilkesbarre, Pa. 


5 fo DERBYSHIRE INSTITUTE OF MINING, CIvIL, 

AND MECHANICAL ENGINEERS.—The second 
meeting in connection with the above Institute was 
held at Chesterfield, under the presidency of Lord 
Edward Cavendish. It was stated that not fewer 
than 21 new members had just been admitted. 
Papers were read by Mr. E. Bromley, “ On Hydrau- 
lic Engines;” by Mr. R. Howe, “On the Guibal 
Fan Experiments ;” and “ On Machinery for Wash- 
ing and Separating Coal and Mineral Ores,” by 
Mr. Howard. An animated discussion followed 
the reading of each paper, but as the subjects con- 
tained in the two last papers had not been properly 
ventilated the discussion was adjourned. The 
desirability of erecting a memorial hall to the late 
George Stephenson was introduced to the meeting 
by Mr. C. Binns, of Clay Cross, one of the vice- 
presidents of the Institute, who showed the great 
necessity of erecting such a building in a town 
near to which Stephenson once resided, and in 
which he was interred. He, however, intimated 
thet, as an effort was being made for obtaining 
funds to enlarge the accommodation at the hospital, 
the Council had thought it better to let the matter 
rest for 12 months, until the hospital scheme was 
completed. 


7 AMERICAN Society oF Crvit Enct- 
NEERS.—At the meeting held on the afternoon 
of January 17th last, Mr. Theodore Allen read a 
paper describing an apparatus operated with hy- 
draulic power, used along shore, by the New York 
Department of Docks, to take soundings for per- 
manent foundations, down to solid earth, or bed 
rock ; whereby a pointed hollow steel shaft, con- 
nected by a cross-head with two hydraulic cylin- 
ders, was forced downward from a floating scow, 
through mud and soft earth, until a resistance was 
met superior to the water pressure within the 
cylinders. 

A discussion followed upon the manner of sound- 
ing for foundations, and of sinking salt and oil 
wells. 

Mr. Collingwood called attention to the opera- 
tion of the pneumatic siphons used to remove ma- 
terial from the west caisson, New York bridge; 
and the difficulty experienced, from the rapid cut- 





ting away of the elbows in the pipes by the upward 
currents of sand. 

A large and valuable donation to the library of 
the Society by Mr. Arthur was announced. 

At the meeting held in the evening of February 
6th last, Mr. Collingwood presented an investiga- 
tion of the amount of air required for healtiful re- 
spiration, within the west caisson of the New 
York bridge; the number of laborers employed 
therein, and of gas lights burned, being taken 
into account. 

Mr. Macdonald read a paper upon the “ Strains 
in a triangular roof truss, and the use of counter 
braces in lattice bridges,” showing the errors made 
by recent writers upon these topics. 

Samples of tool steel from the American Chrome 
Steel Works were exhibited. 


IRON AND STEEL NOTES, 


| EPHOSPHORIZING IRON Ores.—Metallurgists 

have for a long time past made great efforts 
to discover some practical method of dephosphoriz- 
ing iron ores which would enable them to utilize 
many varieties of ore which, owing to the presence 
of phosphorus, yield only an inferior quality of 
iron. The quantity of ore so contaminated is enor- 
mous in many of the more recent geological forma- 
tions, such as the oolitic, cretaceous, and tertiary 
formations, where the ore is either found in the 
shape of a carbonate or a hydrate of iron, always 
intimately contaminated by phosphate of lime. Of 
this character are the heavy beds of iron ore in the 
Middlesbrough district, in Luxembourg, Loth- 
ringen, Bavaria, Hanover, Bohemia, and many 
other localities. It was the phosphorus which for- 
bade the use of a number of these ores for many 
years, until modern metallurgists had learnt, by 
using larger furnaces and more limestone, and by 
adopting a judicious admixture of other ores, to ex- 
tract a cheap and tolerable iron from them. Never- 
theless, it has always been a desideratum to neu- 
tralize the injurious influence of the phosphorus in 
one way or the other. Some engineers have en- 
deavored to extract the phosphorus from the ore, 
wherein it is contained in the shape of basic phos- 
phate of lime, which is insoluble in water, and the 
object of all their exertions being to render this 
compound soluble by converting it into acid phos- 
phate of lime by the action of other mineral acids, 
which would combine with a part of the lime, and 
set an equivalent of the phosphoric acid free to 
combine with the rest of the phosphate of lime, 
thus forming a super-phosphate. This idea is 
stated to have been lately successfully carried out 
by T. Jacobi, of Adalberthutte, at Kladno, near 
Prague, by exposing the ore to a solution of sul- 
phurous acid in water, or to the simultaneous action 
of sulphurous vapors and cold water, when this 
acid forms a soluble compound with the lime, and 
at the same time converts the rest of the phosphate 
to the soluble form, so that it can be washed away 
with cold water. The inventor exhibited his pro- 
cess during the last meeting of the Association of 
German Engineers and Architects, at Prague, on 
November 3d, 1871. The samples of fibrous and 
fine grain bar iron and puddled steel made from 
such dephosphorized ore, and produced to the 
Association, were of an excellent character, and 
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found unanimous approval. The sulphurous gas 
is either produced by burning sulphur or by the 
calcination of pyrites or other minerals containing 
sulphur. The same end has been attained by 
another engineer, B. Osann, of Potsdam, by em- 
ploying in a similar way diluted hydrochloric acid, 
which is obtained very cheaply in quite a novel 
mode. At the above-mentioned rock salt mines of 
Stassfurt and Leopoldshall, large masses of chloride 
of magnesium are obtained, together with the salts 
of potassium, and are thrown away as valueless. 
Now, if this chloride of magnesium, which contains 
always a considerable amount of water, be heated 
to about 110 deg. Cent., or 230 Fahr., it gives up 
so much water as to form a trihydrated salt of 
chloride of magnesium, and if this is rapidly heated 
to the melting point of lead it is decomposed, giv- 
ing up vapors of hydrochloric acid, when hydrate 
of magnesia is left as residue in the retort. The 
hydrochloric vapor acts exactly as was described of 
the sulphurous acid. Both of the processes above 
described are worthy of attention; but the infor- 
mation we have received concerning them is not as 
yet sufficiently detailed to enable us to form any 
decided opinion regarding their practical merits. 
Other metallurgists have sought to get rid of the 
phosphorus during the puddling of the iron, or 
even just before, when the pig iron runs from the 
taphole in the moulds. For removing the phos- 
phorus during the operation of puddling, Director 
Spamer, at Ilsederhutte, in Hanover, adds to each 
heat of 500 Ibs. of pig iron about 6 lbs. of fluoride 
of calcium (fluorspar), which readily melts when 
brought in contact with the iron, so that it can be 
intimately mixed with it, when the fluorine com- 
bines with the silicon of the iron to fluor silicon, 
and phosphoric acid is absorbed by the lime and 
carried into the tap cinder; or finely powdered 
fluorspar is thrown into the iron moulds before 
they are filled with liquid iron when tapping the 
blast furnace. In both instances the result ob- 
tained is said to be excellent, the cold-shortness of 
the bar iron having entirely disappeared. This 
appears to be a modification of the Henderson pro- 
cess, which has lately attracted much attention in 
this country.—Jron Age. 


ee WHEELS.—This novel title is given to 
railway wheels made by a process which must 
rank among the great improvements recently made 
in the working of metals. We refer to the im- 
provements in car wheels, patented in 1868 by Mr. 
W. G. Hamilton, engineer, of the Ramapo Wheel 
and Foundry Co., which, after 4 years of experi- 
mental trials, is now brought prominently before 
the public. 

Mr. Hamilton, who is well known to the railway 
profession, through his “ Manual of Useful Infor- 
mation for Railway Men,” has worked out the 
problem of making chilled car-wheels out of non- 
chilling irons, and at the same time increasing the 
strength of the mixture above that of the most 
expensive charcoal irons. 

The process consists in part in melting scrap 
steel, with the ordinary charge of pig metal, in the 
cupola, by which an increase of strength of from 20 
to 50 per cent. is given to the metal. 

Messrs. A. Whitney & Sons, the extensive wheel 
founders of Philadelphia, who have been testing 
the practical utility and value of the process, have 





made some 15,000 wheels, during a continuous 
working during the last 3 months, and report it 
a most complete success. 

That this process will enable them, by adding to 
their usual chilling charcoal irons a portion of non- 
chilling soft charcoal irons, or anthracite metal, to 
produce a car wheel of greater strength, and at a 
much less cost, than with high-priced chilling char- 
coal irons alone. 

To the railway community the value of this im- 
provement will be understood, when it is known 
that the supply of charcoal irons is yearly dimin- 
ishing and the cost increasing, and that the steeled 
metal gives greater security to their rolling stock. 
A company has been organized to grant licenses to 
manufacture, under the name of The Hamiiton 
Steeled Wheel Co. of Philadelphia, of which J. 
Edgar ‘Thomson, of the Pennsylvania R. R., is the 
president; Mr. Hamilton vice-president, with a 
board of direction, amongst whom are—Thos. A. 
Scott, M. McCullough, Henry L. Pierson, A. J. 
Cassutt, and other prominent railway men. 





RAILWAY NOTES. 


Tne CANAL Cavocr.—A Milan paper gives the 
following as the revenue derived from the 
Canal Cavour during the last five years: 


Francs 
rik eben 4044 ahbae dads 438,000 
SE eee 494,000 
SE Aa sis Kalbe Géms bhee bene 729,500 
EE sc.ba debs wake eek eee 733,000 
BOE Getic Saks bees ewes sons 885,000 


This does not include the revenue derived by the 
Company from the State canals purchased from the 
Government. It may safely be anticipated that, 
after the completion of the important branch canals 
now in construction, the revenue of the com- 
pany will increase considerably, and render it a 
most profitable undertaking.—Journal of the Society 
of Arts. 


) ACNAIR’S INVERT PERMANENT WaAy.—A trial 
| of this way has recently keen made upon the 
North London Railway. It has had a trial of 18 
months on the North British Railway, and a sam- 
ple has been in wear on the North London line for 
3 months. The North London line is laid with 
double-headed steel rails of 80 Ibs. weight to the 
yard, their depth being 5} in. The locomotives 
traversing the line weigh 45 tons, with 14 tons 
weight upon each pair of driving-wheels. A part 
of Mr. Macnair’s invert way carries flat-bottomed 
steel rails of 70 Ibs. to the yard, and 4} in. deep; 
these are expected to stand the traffic as long as the 
Company’s heavier ones. Another part consists of 
iron rails of similar pattern 66 Ibs. to the yard and 
4\ in. deep. The principle of the “invert” is, as 
the name indicates, a supporting of the rails upon 
a series of inverted arches, formed by wrought-iron 
plates, about 3 ft. long, 12 in. wide, and + in. thick. 
These are put in loose, and their extremities abut 
against small butt plates, riveted to the under side 
of the rail. The rails forming the roadway are 
connected together by tie-bars, made of common 
angle iron, placed at suitable intervals, and fasten- 
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ed by the same rivets. In this manner a roadway 
of very uniform elasticity is produced. The pecu- 
liar motion of the substructure calls into exercise 
the transverse strength of the rail itself, which, as 
borne upon the points of the inverts, acts always 
like a beam in carrying the load rolling over it, the 
points of support themselves yielding to the weight 
as it comes over them, so that even the supporting 
points take their due places in the common elas- 
ticity of the whole. The form of the inverts has 
suggested to many the idea of springs—a purpose 
they are in no wise intended or fitted to fulfil; their 
proper object is correctly expressed in their name, 
and their action under a train is thus: When the 
weight comes on the anterior end of the first invert, 
that end is depressed ; the invert then slides slight- 
ly forward along the curve of the ballast, on which 
it rests until the posterior end is elevated in front 
of the weight, and is thus kept up to its duty of 
supporting the rail as the load approaches. As the 
weight travels on, the posterior end of that invert, 
as well as the anterior end of the next invert, are 
then depressed, the posterior end of the second in- 
vert rising up similarly to the support of the rail 


in front of the load, and as the posterior end of the | 
first invert descends, its former sliding action is 


reversed until its anterior end is brought up again 
under the rail behind the load, so that at this stage 
the rail which forms the beam is supported between 
the anterior end of the first invert and the posterior 
end of the second invert, whilst the load itself is 
over the intermediate ends of them both. When 
the load is intermediate between the two ends of 
an invert, they both contribute to the support of 
the shorter length of rail which then carries the 
load ; and so on along the whole length of the rail- 
way, the points of support for the rails, whilst act- 
ing as beams, being alternately the two ends of the 
same invert on the opposite ends of two contiguous 
inverts. The general conditions of the system, as 
shown, appear to indicate that there will be a saving 
in the cost of maintenance, and more durability of 
the materials, than in any sleeper roadway. In 
respect to cost, in a general way, it seems to be 
proved that the invert road will not cost more than 
an ordinary sleeper road in this country; but 
abroad, where the expense of transport becomes an 
important item, the advantage of the invert over 
the sleeper will be considerable; the weight of the 
invert road being 190 tons per mile, as against 230 
tons per mile for the sleeper road, both carrying the 
y weight of sale —deerndl of the Society of 
Arts. 


| gerne tN AstA Mrnor.—The Turkish Min- 
ister of Public Works publishes the following 
official note on the subject of this enterprise : “The 
railway in course of construction between Scutari 
and Ismidt, is one of the numerous public benefits 
which do honor to the spirit of initiative of His 


Imperial Majesty the Sultan. His Majesty, grati- 
fied with the progress made with this line, and 
acting upon the regenerating ideas with which he 
is ever animated, has further ordered the Minister 
of Public Works, through the Grand Vizier, to 
establish a network of railways throughout the 
whole of Asia Minor, by means of branches, com- 
municating with the Scutariand Ismidt line. In 
conformity with the Sultan’s order, engineers have 
been sent to Ismidt to examine Mount Seugud, and 


! to make all necessary surveys, with a view to the 

extension of the line to Eski-Sheir, as a first instal- 
ment of His Majesty’s splendid scheme. As the 
workgon the Scutari to Ismidt line are compara- 

tivel¥ far advanced, considering the time employed 

upon them, there is reason to believe that this sec- 
| tion will be completed by next September, that the 
extension to Eski-Sheir will be in readiness during 
| the following spring, and that both lines can then 
| be joined. The important subject of the branch 
| line is now under earnest consideration at the Min- 
| yd of Public Works.—Journal of the Society of 
| Arts, 


JHILADELPHIA AND READING RAILROAD.— 
The production of rails at the Company’s roll- 
| ing-mill during the year amounted to 19,115 tons, 
| at a cost of $64.69 per ton, including in the cost 
| the old rails re-rolled, at an estimated value of 
| $45.03 per ton. 
The following table shows the product of the 
mill for each year since its erection, with the num- 
| ber of tons of each year’s production since removed 
| from the track: 
| 
S 








1869, .. 
1870 . 
1871 . 


“ 
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‘otal worn out.... 
. . ree 


Worn out, 1868... 


From this statement it will be seen that of the 
62,678 tons of rails rolled by the Company and laid 
in the track during the last 4 years, but 5,5, per 
cent. have yet been worn out. Of the production of 
1868, 27,5; per cent. have been removed up to this 
time, showing that 72,7, per cent. of the first year’s 
manufacture are still in use, although a tonnage of 
over 20,000,000 has been moved over them at 
speeds varying from 10 to 40 miles an hour. 


” ANSAS and her railways have received the per- 
sonal attention of Mr. Samuel Bowles recently. 
He says, in the “ Springfield Republican”: 
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“ Kansas is sure of a large population and great 
wealth. Railroads are rapidly opening up all her rich 
fields to population and improvement. No State 
of all the new West can hope to surpass her in the 
power of her materialism, and no State among 
them all is so pledged as she by the prayers and 
patriotism that labored over her birth, to direct 
and govern this power with a high moral sense, 
and inspire her wealth with spirituality. If she 


fails to prove something like the Massachusetts of | 


the West she will certainly be false to her birth- 
right and stand as a discouragement to holy effort. 





ENGINEERING STRUCTURES, 


HE SUPERSTRUCTURE OF THE Sr. Lovis 
BripGE.—A full sketch of the novel and ex- 
traordinary difficulties encountered in manufactur- 
ing and testing the materials for the superstruc- 
ture, and of the original, ingenious, and very costly 
means by which they are now at length completely 
overcome, would form one of the most instructive 
and fascinating chapters in the history of practical 
engineering. They relate, mainly, to the prepara- 
tion of the steel work, of which the quantity and 
proportions of its parts are not more unprecedented 
than was the securing of a quality capable of bear- 
ing the very exacting tests. The Keystone Bridge 
Co., of Pittsburgh, contractors for the entire super- 
structure, sub-let the contract for the steel to the 
Wm. Butcher Steel Works, of Philadelphia, who, 
at the outset, made additions to their buildings, 
furnaces, rolling mills, straightening machines, 
etc., which seemed to give assurance of success and 
dispatch. The first large forgings required were 
the steel anchor bolts, from 22 to 36 ft. long, and 
5% in. diameter. Each bolt is required to sustain, 
tested at the shop, a tensile strain of 519 tons with- 
out permanent elongation — being twice the maxi- 
mum strain to which it can be subjected in the 
bridge. The first testing machines made were 
themselves broken before the first bolts were proved 
to be defective. Among many curious accidents 
that occurred, was the breaking offofa } iece of bolt 
20 ft. long, and weighing more than half a ton, 
and shooting it “like an arrow” 60 ft. away; at 
the same time the recoil of the portion of the bolt 
still in the machine broke the piston rod from its 
fastenings, by reversal of the tension strain, and 
drove it clean out of the ram at the other end of 
the hydrostatic cylinder. Months were lost, and 
tens of thousands of dollars expended by the 
sub-contractors before the first bolt was made ca- 
pable of sustaining a strain which it was next to 
impossible for machinery to impose. Up to the 
present time, 24 of the entire 50 required have been 
tested and accepted, of which 18 have gone to the 
Keystone Works to have the screws cut upon 
them. This result has been attained, after long 
delay, by trying new mixtures of steel, and exer- 
cising greater care in its manipulation. 

Equally difficult, though in a different way, 
proved the manufacture of the steel tubes forming 
the arches of the spans, amounting to about 4-5ths 
of the entire steel required in the bridge. These 
tubes are to be 13 ft. long and 18 in, diameter, and 
they are each composed of 6 staves of the length of 
the tube, each 9} in. wide, and from 14 to 24 in. 
thick. The first rolls (made, of course, especially 


| for this) proved defective, and weighing several 

tons, had to be removed to the shop, several miles 
distant. It was first attempted to roll them with 
| the rib on each side, the staves projecting into the 
| tube; but this was abandoned, necessitating the 
| working of a new set of rolls, 12 in number, which 
| went back to the shop two or three times before 
| they turned out perfect staves. From these causes 
6 months elapsed before the first stave was brought 
to the testing machine; and this done, the steel 
proved inferior. New mixtures of steel at length 
resulted in a perfect stave, and then the new diffi- 
culty was met, that staves made from the same for- 
mula had different degrees of strength, due, proba- 
bly, to varying degrees of heat altering the propor- 
tions of carbon and iron. [The same had been 
true of the anchor-bolts.] This unfortunate result 
—experienced by a great loss of time and money to 
both the Keystone Company and the Butcher 
Works— led to investigation after some method, if 
possible, which would give an assured result with 
less skill and caution. Fortunately—providential- 
ly, one should perhaps say—Mr. Eads, before the 
contract with the Keystone Company was made, 
had his attention turned to the process of the man- 
ufacture of chrome steel, and to a thorough test of 
its capabilities, which had satisfied him of quali- 
ties eminently adapting it to bridge superstruc- 
ture. Chromium, unlike carbon, is a metal; it has 
slight affinity, if any, for oxygen, and is not affect- 
ed by heating. It forms an alloy with iron, from 
which heat does not expel it as it does carbon in 
“ burnt steel.” Chrome steel, according to the de- 
scription, is more like steel than carbon itself. Be- 
neath the rolls it works more smoothly, adapting 
itself perfectly to the form of the roll; and its pro- 
ducts are very uniform in quality, being unaffected 
by variations in intensity of the heat. In 1869 
Mr. Eads passed two entire days in a confidential 
inspection of the process of its manufacture, under 
the personal supervision of Mr. C. P. Haughian, 
Superintendent of the Chreme Steel Co., sole man- 
ufacturer under the patents of Mr. Bauer—assisted 
by Commodore J. W. King, Chief of theU. 8. 
Bureau of Steam Engineering, and his own Chief 
Assistant, Col. Flad. Though thoroughly convinc- 
ed of its superiority, indeed, of its adaptation alone 
among known varieties of steel to the demands of 
this structure, he could not under the contract 
stipulate for its use by the Keystone Co., whose 
privilege it was to open the sub-contract to compe- 
tition among steel makers, several of whom declar- 
ed their ability to furnish the required product. 
He was the more ready to do this, inasmuch as he 
had also, while in Europe, in the course of a per- 
sonal examination of the establishments of Krupp 
and Peten Godet, received assurances that the re- 
quirements of this bridge could be met with carbon 
steel. The result of all is, that the Wm. Butcher 
Co. have now secured the right to use the chrome 
steel for the bridge; and during September 100 
trial staves were made from Mr. Haughian’s for- 
mula and under his direction—all beautifully and 
perfectly rolled, and all bearing the requisite test. 
With the decision to use this product exclusively 
hereafter, Mr. Eads considers the chief difficulty in 
the way of the reasonably early completion of the 
bridge surmounted. The bars produced have a 
tensile strength in excess of the specifications; 
while under compression the resisting power of 
the chrome steel may be indefinitely increased (in 
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hardness eyen beyond cutting power of any lathe) ' 


by the addition of chromium. | 

Iron Work.—Of scarcely less interest are the 
skewback plates, sunk in the face of the abutments, 
against which the ends of the steel arches are 
placed, and which sustain their entire thrust. 
These plates, 48 in number, are 7 ft. long, 3 ft. 
wide, and 6 in. thick, and are made of wrought 
iron. They are secured to the masonry by the an- | 
chor-bolts referred to above, 53 in. diameter. These 
bolts, 4 in the lower and 3 in the upper skewbacks, | 
sustain no portion of the weight of the arches; | 
their province is simply to prevent any displace- 
ment of the ends of the arches which might other- 
wise occur from wide variations of temperature, 
unequally distributing the weight imposed on the 
arches. Finally, difficulty has been experienced 
by the sub-contractors (under the Keystone Co.) | 
in making the main braces connecting the upper ! 
and lower members of the arches, and second in 
importance only to the steel tubes of the arches 
themselves. Under the specifications, these braces 
(of iron) were to be tested to a te isile strain of 60,- | 
000 lbs. per sq. in. The iron thus far furnished 
under the sub-contracts has failed at from 48,000 
to 54,000 Ibs. Assurances (based on tests) are now 
given, however, that iron of the requisite quality 
will speedily be furnished. 

Cost oF THE Work.—The original estimate, 
including land damages, was $4,686,475.44; the 
total expenditures to Sept. 1, 1871, amounted to 
$3,616,560.99; the additional amount required to 
complete the bridge is $1,949,497.17; making the 
entire cost of bridge and approaches $5,566,058. 16 
—an excess of $1,479,582.72. It has since been 
found, however, these estimates are about $1,179,. 
000 too low; the excess of the actual cost of the 
work over the estimates being satisfactorily ac- 
counted for by Mr. Eads.—Jron Age. 


ORING of mining shafts is an ordinary operation 

in Germany and France, when the want of 
cohesion or the abundance of water in the ground 
prevented the adoption of the ordinary method of 
sinking and securing the shaft by either timbering, 
masonry, or iron tubtings. In Westphalia, the 
coal measures are, as a rule, covered to a certain 
depth, which increases toward the northward, by 
thick beds of marl belonging to the chalk formation. 
Though these beds often contain very much water, 
they are generally sufficiently coherent to contine 
the water between certain strata, and to allow the 
gradual sinking and excluding of water by water- 
tight tubtings or other means, until the coal meas- 
ures are reached, which are generally pretty free 
from water. At the Dahlbusch mine, however, the 
marl was so much intersected by vertical fissures, 
that there was no-hope for isolating the water of 
the various strata which had to be passed through, 
and it was resolved to bore, by means of steam en- 
gines, two shafts, the first of 2 metres, the second 
of 4.39 metres diameter, and both of 50 fathoms 
depth. When both shafts had reached a stratum of 
marl, considered to be sufficiently compact and 
water-tight, a column of cast-iron tubtings, weigh- 
ing in the second instance not less than 420 tons, 
was graduilly sunk down upon the bottom, so that 
between the tubting and the wall of the shaft an 
annular space was left, which was filled up with 
concrete, and so effectually excluded the water, 





that the bottom appeared dry after the water had 


once been emptied out, while during the boring 
operations 12 cubic ft. of water per min. rose from 
the shaft’s opening. The total cost per 1 fathom 
depth was £135°for the narrow air-shaft, and £292 
for the principal shaft. It is, however, very prob- 
able that the cost and time would have been very 
much less, if, instead of boring the shafts, com- 
pressed air, in combination with cast-iron tubtings, 
had been employed from the very beginning in 
sinking them after the usual method. 


HE Surro TUNNEL REPortT.—The report of 
the Commissioners sent by the Government to 
investigate, and report upon the feasibility and 
true merits of the Sutro tunnel, and upon the ex- 
pediency of extending Government aid to the en- 
terprise, has been submitted to the Senate. The 
following vague abstract from it was transmitted 
some time ago by the telegraph : 

“The Commissioners report that the tunnel is 
entirely feasible, and may be constructed in less 
than 25 years, at a cost of about 45 millions. 
They believe that the Comstock lode is a true fis- 
sure vein, continuing down indefinitely, and ex- 
press the opinion that while the tunnel is not a 
necessity for ventilation or draining, yet any scheme 
which promises increased economy in the working 
of the mines and rendering valuable a vast amount 
of now worthless low-grade ores in the Comstock 
lode, becomes of national importance. Whether 
the Sutro tunnel project fulfils this condition of 
economy depends on the efficacy of the methods 
now employed in Germany and other countries of 
Europe for the concentration and profitable work- 
ing of low-grade ores. On this point the Commis- 
sion has not, in this country, by personal investiga- 
tion, been able to obtain the desired information. 
In conclusion, the report commends the Sutro tun- 
nel to favorable consideration, as an exploring work 
for deep mining. 





BOOK NOTICES. 


RACTICAL GroMETRY. By E. WyNpDHAM 
Tarn, M. A. London: Lockwood & Co. 

This is a manual for the practical man, whether 
architect, engineer, or mechanic, and contains 
simple rules for the delineation of various geome- 
trical figures employed for useful and ornamental 
purposes. No demonstrations of the rules laid 
down are given, the object of the author being to 
avoid all abstruse formule or complicated methods, 
and to enable persons with but a moderate knowl- 
edge of geometry to work out the problems re- 
quired. Besides the ordinary figures described 
with straight lines, angles, and circles, there is 
abundant information on the ellipse, hyperbola, 
parabola, the catenary, the harmonic curve, the 
lemniscate, spirals, the involute of the circle, the 
lituus, and cycloids, the various rules being illus- 
trated by beautifully worked wood-blocks, 164 alto- 
gether. 


Not ON THE THEORY OF THE STEAM-EN- 
GINE. By J. H. CorrertLti, M. A. London: 
E. & F. N. Spon. 
The author of this little pamphlet says that the 


only English work on the steam-engine on 
the true theory of heat is Rankine’s “Steam-En- 
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gine and Other Prime Movers;” but on account of | gaged in designing works where metrical dimen- 


the very difficult form in which many parts of the 
subject are presented in the work in question, the 
“Notes” which form the subject-matter of this 
pamphlet were drawn up to assist the students of 
the Royal School of Naval Architecture and Marine 
Engineering, and they are now published in the 
hope of assisting those who are puzzled by the 
abstruse manner in which the theory of heat has 
hitherto been treated. Students of the subject will 
obtain useful hints from a careful perusal of these 
“ Notes,” and a clearer understanding of a theory 
not by any means remarkable for the perspicuity of 
its treatment in standard treatises. 


ESSONS IN ELEMENTARY ASTRONOMY. By 
R. A. Procror, B. A. London: Cassells. 

Our readers are so well acquainted with the pro- 
ducts of Mr. Proctor’s pen, and his facile method 
of teaching scientific truths, that we need not oc- 
cupy our space with any lengthy remarks on the 
little book before us. Suffice it, then, to say that 
these lessons are written in his usual concise style, 
and form an excellent stepping-stone to a knowl- 
edge of the “grand science.” The work is abund- 
antly illustrated, the drawings being to scale where 
possible; and the chapter on the fixed stars will 
enable any one to find the objects described. 


PACKET OF ASTRONOMICAL PLATES. Bick- 
ley, Kent: G. F. Chambers. 

We have received from Mr. G. F. Chambers a 
bundle of astronomical plates, 50 in number, but 
containing altogether 108 engravings. These com- 
prise representations of sun-spots, the various 
planets, eclipse phenomena, comets, double stars, 
star clusters, and nebule, the two latter being 
printed in blue ink, and all beautifully engraved 
and worked. Those who appreciate the assistance 
that young astronomers derive from well-executed 
drawing of telescopic objects will agree with us 
that this ‘ packet” is worth the money for which it 
is offered. 


CALES FOR THE READY COMPARISON OF 

British METRIC WEIGHTS AND MEASURES. 

Arranged by A. L. NEWDEGATE, M.A. London: 
E. and F. N. Spon, 48 Charing Cross. 

In the dozen scales which Mr. Newdegate has 
arranged may be readily found, by any one who 
has had a little practice with them, the value of 
any weights or measures of the metric system cor- 
responding to those of our own. The scales pos- 
sess all the advantages of the most elaborate tables, 
with the additional one that the proportion between 
the relative quantities is perceived at a glance. 
They comprise measures of length, area, solidity, 
and capacity, together with the reduction of frac- 
tional parts of different measures to their corre- 
sponding decimal value. Similarly to all methods 
of performing arithmetical problems without actual 
calculation, the degree of accuracy which can be 
obtained depends upon the more or less minute 
attention bestowed upon the scale. For approxi- 
mate results,sufficiently accurate in many instances, 
one operation suffices to give the answer required. 
When greater precision is desirable, a second or 
supplementary operation is needed; but in any case 
the great labor that would be involved by a nu- 
merical calculation is entirely obviated. The en- 
gineer and architect, especially those who are en- 





| sions are used, will find these scales exceedingly 


valuable in the office. The use of them can be at 
once understood from the simple directions attached 
to them, and they, moreover, are presented in a form 
with which all professional men are well acquaint- 
ed. The figuring and lettering are both clearly 
done, and the material is a good stiff card-board, 

which will stand the wear and tear of an office, 
which is sometimes no trifle-—Hagineer. : 


\OLLEGIATE ATLAS. London, Glasgow, and Edin- 
burgh: William Collins, Sons & Co. For sale 
by Van Nostrand. 
Contains thirty-two maps of modern geography, 
and eighteen maps of historical geography. 
The maps are finely colored, and the volume is 
of suitable size for library shelves. 


W HAT ARE THE Stars? By M. E.S. Lye. 

London: G. T. Goodwin. For sale by Van 
Nostrand. 

This is a collection of pictures, one hundred in 
all, of the constellations, beautifully printed, with 
white stars on black ground. The explanatory 
text gives full directions to the student for finding 
the stars of first and second magnitudes. 


HE Roya INsTITuTION: Irs FOUNDER AND 

Its Proressors. By Dr. BENCE JONES. 

London: Longmans, Green & Co. For sale by Van 
Nostrand. 

Contents: The Life of Count Rumford before the 
foundation of the Institution. IL—His life after 
the foundation of the Institution. ILL—The early 
history of the Institution, and the life of Professor 
Garnett. IV.—The progress of the Institution to 
the resignation of Prof. Young, with the life of Dr. 
Thomas Young. Y.—Progress of the Institution 
to the time of Faraday. VI.—Original papers re- 
lating tothe American war. VII.—Original letters 
from Dr. Young. Income and expenditure of the 
Royal Institution to 1814. 


HEORY OF Heat. By J. CLERK MAXWELL. 
London: Longmans, Green & Co. For sale 
by Van Nostrand. 

This is the seventh of the series of “ Text-Books 
of Science.” It presents a thoroughly scientific ex- 
position of the laws governing all the phenomena 
of heat, so far as at present known. 

The ordinary illustrations have been omitted, in 
order that the definitions and principles might be 
stated in the fullest manner. 

Entirely unlike either Stewart’s or Tyndall’s 
works in the same department of physics, it is as 
valuable in its way as either. Indeed, it forms a 
good supplement to Tyndall’s “ Heat as a Mode of 
Motion,” inasmuch as, comprehending all the 
phenomena so delightfully illustrated there, Prof. 
Maxwell has summed up in the most concise man- 
ner our present science of heat. 


eee IN THE CALCULUS OF VARIA- 

tions. By J. TopHuNTER, M.A., F.R.S. 
London and Cambridge: McMillan & Co. For 
sale by Van Nostrand. 

Students who delight to labor in the higher fields 
of mathematical research, will gladly receive this 
essay from the hands of so accomplished an author. 

The previous contributions of Mr. Todhunter to 
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theoretical as well as applied science have been of 
the most valuable kind, and probably many stu- 
dents who have become familiar with these earlier 
works will be tempted to venture upon a new field, 
when thus offered the guidance of so well-known a 
master, and thus conquer a difficulty which, if pre- 
sented by other hands, they would have shunned. 


regen AND Stratus oF Civ ENGINEERS 
4 IN THE UNITED KINGDOM AND FOREIGN 
CounTRIEs. London. For sale by Van Nostrand. 

This sets forth the conventional requirements for 
the profession of engineering in European coun- 
tries. The regulations of the technical schools, 
their courses of study, and the conditions of gra- 
duation, are fully set forth. The work is of special 
value to instructors in scientific schools every- 
where. 


| er JOURNAL OF THE IRON AND STEEL INSTI- 
TUTE. London: E. and F. N. Spon. For sale 
by Van Nostrand. 

This excellent journal appears as full of valuable 
information as ever. The Donk’s Rotary Puddler 
receives a fair share of attention, both in the text 
and plates. 





MISCELLANEOUS, 


A CEMENT to resist sulphuric acid, it is reported, 

may be made by melting caoutchouc by a gen- 
tle heat, and adding from 6 to 8 per cent. of the 
weight of tallow, keeping the whole well stirred. 
Then mi in enough dry slaked lime to make the 
whole of the consistency of soft paste, and finally 
adi 20 per cent. of red lead, whereby the mass, 





which would otherwise remain soft, becomes hard | 5; 


anldry. This cement, it is asserted, resists boil- 
ing sulphuric acid. A solution of caoutchouc in | 
twice its weight of raw linseed oil, aided by heat- | 

. ing and the addition of an equal weight of pipe | 
clay, yields a plastic mass, which also resists most ! 
acids. 


” France, where the process of electroplating is 

regulated by law, every manufacturer is re- 

quired to weigh each article when ready for pla- 

ting, in presence of a comptroller appointed by the 

Government, and to report the same article for | 
weighing again when the plating has been done. 

In this way the officer shows to the fraction of a | 
grain the amount of the precious metal that has | 
been added, and puts his mark upon the wares | 
accordingly, so that every purchaser may know at 
a glance just what he is buying. In ordinary 
plating 15 oz. of silver will give to a surface a foot 
square a coating as thick as common writing pa- 
per; consequently, when silver is worth $1.25 per 
oz., the value of the silver covering a foot square 
would be about $1.87. At this rate, a well plated 
tea or coffee pot is plated at a cost in silver of not 
more than $1.50 to $2; and the other expenses, 
including labor, would hardly reach more than 
half that amount. Electro-gilding is done in like 
manner. The gold is dissolved in nitro-hydro- 
chloric acid, washed with boiling nitric acid, and 
then digested with calcined magnesia. The gold 
is deposited in the form of an oxide, which, after 
being washed in boiling nitric acid, is dissolved in 





cyanide of potassium, in which solution the arti- 
cles to be plated with gold, after due preparation, 
are placed. Iron, steel, lead, and some ether met- 
als that do not readily receive the gold deposit, re- 
quire to be first lightly plated with copper. The 
positive plate of the battery must be of gold—the 
other plate of iron or copper. The process is the 
same as that above described. The very best elec- 
tro-gilding does not necessarily add a great deal to 
the cost of the article plated. A silver thimble 
may be handsomely plated so as to have the ap- 
pearance of being all gold for 5 cents, a pencil-case 
for 20 cents, and a watch case for $1.—/ron Age. 


— H. Davy has observed that, “ in general, the 

quantity of charcoal afforded by woods offers 
a tolerably accurate indication of their durability ; 
those most abundant in charcoal and earthy matter 
are most permanent; and those that contain the 
largest proportion of gaseous elements are the most 
destructible. Amongst our own trees,” he adds, 
“ the chestnut and the oak are pre-eminent as to 
durability, and the chestnut affords rather more 
carbonaceous matter than the oak.” But we know 
from experience, that red or yellow fir is as dura- 
ble as oak in most situations, though it produces 
less charcoal by the ordinary process. The follow- 
ing table of the quantity ot charcoal afforded by 
100 parts of different woods is added, for the in- 
formation of the reader :— 


egies : | 
Kind of Wood. | Watson. | 


| 
Oak, dry 2.92 | 22.6 
Chestnut .. ares 23 2 
Mahogany 25.4 
Walnut 20.6 
t 19.5 


19.9 


19.2 


Mushet.| Proust. | Rumford 


43 


43 27 


oP 
Norway Pine 
Pine 

Scotch Pine 
Ash ases 
Poplar. > — 43.57 
Lime aan cone nel 43.59 
Birch 17.4 | 

Sycamore 197 

Sallow 18.4 


44.18 





In Count Rumford’s experiments a longer period 
was allowed for the process; and, in consequence, 
his results represent more nearly the real quanti- 
ties of carbon in each wood than the others. But 
even according to the common process, it does not 
appear that the proportion of charcoal is a satisfac- 
tory criterion of the durability. 


‘(ue article entitled “Graphical Estimates for 

Earthwork,” in our January number, page 84, 
was written for the magazine by Arthur M. Well- 
ington, C. E., Division Engineer of Michigan 


Midland Railroad. 

iy experiment to determine the comparative du- 
rability of different woods is related in 

Young’s “Annals of Agriculture.” Inch and a half 

planks of trees from 30 to 45 years’ growth, after 

10 years standing in the weather, were examined 

and found to be in the following state and condi- 
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tion :—Cedar, perfectly sound; larch, the heart 
sound, but sap quite decayed; spruce fir, sound ; 
silver fir, in decay ; Scotch fir, much decayed ; pin- 
aster, quite rotten ; chestnut, perfectly sound ; abele, 
sound; beech, sound; walnut, in decay ; sycamore, 
much decayed ; birch, quite rotten. This shows at 
once the kind that are best adapted to resist the 
weather ; but even in the same kind of wood there 
is much difference in the durability, and the ob- 
servation is as old as Pliny, that “the timber of 
those trees which grow in moist and shady places 
is not so good as that which comes from a more ex- 
posed situation, nor is it so close, substantial, and 
durable ;” and Vitruvius has made similar observa- 
tions. Also split timber is more durable than 
sawed timber, for the fissure in splitting follows 
the grain, and leaves it whole, whereas the saw di- 
vides the fibres, and moisture finds more ready ac- 
cess to the internal parts of the wood. Split tim- 
ber is also stronger than sawed timber, because the 
fibres, being continuous, resist by means of their 
longitudinal strength; but when divided by the 
saw, the resistance often depends upon the lateral 
cohesion of the fibres, which is in some woods only 
Ayth of the direct cohesion of the same fibres. For 
the same reason whole trees are stronger than spe- 
cimens, unless the specimens be selected of a 
straight grain, but the difference in large scant- 
lings is so small as not to be deserving of notice in 
practice. 


DULTERATED CEMENT.—At a meeting of the 

Chemical Society of Newcastle, not very long 

ago, the President of the Society (Mr. John Glover) 

read the following statement, which calls for fur- 
ther publicity :-— 

“During the last few days I have learned that 
large quantities of blast furnace slag is being 
ground with Portland cement in this district, and 
as in the analysis of such cement great stress is 
very properly laid on its percentage of hydrated 
silicic acid, 1 have thought it well to draw your 
attention to the fact, as blast furnace slag, on be- 
ing treated with hydrochloric acid, yields a large 
percentage of hydrated or gelatinous silica, although 
it has not the slightest value as a cement. You 
will see from what I have said that a chemist, pro- 
ceeding to the analysis of a cement so adulterated, 
might be misled if he were not aware of such adul- 
teration. Asa proof that such adulteration is a 
fraud on the purchaser, I have caused the follow- 
ing experiments on the cohesive power of a pure 
cement, and of the same cement mixed with slag, 


to be tried :—The average of a number of bricks of | 


pure cement carried a weight of 485 lbs., and broke 
with a weight of 492 lbs.; while the same cement, 
mixed in the proportion of equal parts of cement 
and slag, bore a weight of only 301 lbs. and broke 
with 308 lbs. A mixture of the same cement, in 
the proportion of three of cement to one of slag, 
bore 375 Ibs., and broke with 382 Ibs., and each 
brick was made in. the same mould, and was al- 
lowed 7 days to harden. You will see from these 
tests that a purchaser of such cement will not be 
able to mix with it the same amount of sand as 
when he buys the pure article, as the slag already 
wixed with it has taken the place of so much sand, 
and is really of no greater value than sand, as 
bricks mixed with sand in the same proportions as 
when slag was used, gave nearly the same results. 
If slag gives a better appearance or color to Port- 


land cement, a fair trader should state the fact of 
its presence, so that his customer might know the 
price he is paying for such qualities. If our ana- 
lytical chemists would undertake to test the physi- 
cal properties of cement, such as cohesion, hard- 
ness, etc., as well as its chemical composition, they 
would supply a want, as there is no such public 
tester, at least in this neighborhood.” 


HE Taranaki iron-sand, one of the valuable min- 

eral products of New Zealand, is again attracting 
considerable attention. A series of experiments un- 
dertaken under the direction of the Government 
apparently proves that steel of the highest quality 
can be produced at a minimum cost and by the 
most simple process. Theiron-sand as taken from 
the beach is mixed with an equal quantity of clay 
and of the ordinary sea-sand, which contains a 
very large admixture of shell. These materials 
are worked up into bricks, which are hardened in 
a kiln, then broken up into irregular pieces, which 
are smelted in an ordinary cupola furnace. The 
product of this simple process is cast steel of the 
finest possible texture, from which some beautiful 
specimens of the finest cutlery have been manu- 
factured. The experiments were conducted by a 
mechanic in the Government employ, who was 
restricted to an expenditure of £100, and was 
therefore only able to erect a furnace of the most 
temporary description. He, however, succeeded 
in producing at the first and only trial 5 cwt. of 
pure steel in the manner I have endeavored to 
describe, and his success seems likely to lead to fur- 
ther and more extensive efforts to utilize the almost 
inexhaustible deposits of this ore which exist at 
Taranaki and elsewhere.— Times Correspondent. 


A PROCESS devised by Mr. Nagel, of Hamburg, 

for coating iron, steel, and other oxidizable 
metals with an electro deposit of nickel or cobalt, 
consists in taking 400 parts, by weight, of pure 
| sulphate of the protoxide of nickel by crystalliza- 
tion, and 200 parts, by weight, of pure ammonia, 
so as to form a double salt, which is then dissolved 
in 6,000 parts of distilled water, and 1,200 parts of 
ammoniacal solution, of the specific gravity of 
0.909, added. The electro deposit is effected by an 
ordinary galvanic current, using a platinum posi- 
tive pole, the solution being heated to about 100 
deg. Fahr. The strength of the galvanic current 
| is regulated according to the number of objects to 
| be coated. For coating with cobalt, 138 parts, by 
_ weight, of pure sulphate of cobalt are combined 
with 69 parts of pure ammonia, to form a double 
| salt, which is then dissolved in 1,000 parts of dis- 
| tilled water, and 120 parts of ammoniacal solution, 
| of the same specific ‘gravity as before, are added. 
The process of deposition with cobalt is the same 
as with nickel.—Jron Age. 








— careful soundings of the Baltic have been 

made by the steamship Pomerania. The 
greatest depth of the Baltic Sea between Gothland 
and Windau was found to be 720ft. Atthedepth 
of from 600 ft. to 720 ft. the water was, at the end 
of July, very cold, the thermometer giving from 4 
to 2 deg. Reamur (near the freezing point of Fahr). 
No plants were found at this depth, and only a few 
specimens of one or two species of worms were 
brought up with the clay and mud. 
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